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PREFACE. 



The following short treatise on the causes of boiler explo- 
sions and their prevention has been written with a view to 
placing within the reach of boiler-attendants and milU 
mechanics such information as may lead them to take a 
more intelligent interest in the safe working of boilers. 
r The rules and examples have been simplified as much as 

possible, and as the instructions and suggestions given are 
based on the collective experience of boiler-designing and 
inspecting engineers, they may be acted on with confidence. 
j The constants used in compiling the various tables are a 

safe average of the strength of materials employed in boiler 
construction, and w^ill be found quite applicable to a majority 
of the land-boilers in use. 

The absurd theories in reference to explosions which are 
still held by many of those directly interested in the working 
of boilers, very frequently stand in the way of preventive 
measures being adopted ; and although it may be too much 
to expect that explosions will ever entirely be prevented, 
there can be no doubt that until it is clearly understood 
that boilers burst — as chains and ropes break — when their 
strength is exceeded, the " stitch-in-time *' suggestions will 
be held so far in contempt. 

In conclusion, the writer begs to express the hope that 
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the publication of this treatise will be instrumental in 
making clearer some of the points which concern those 
entrusted with the working of steam-boilers, and that the 
tables and examples given will enable many to determine 
for themselves what should be a safe working-pressure for 
the boilers under their charge. 

Glasgow, September^ 1887 - •:::: 



PREFACE TO THE SECOND EDITION. 



The second issue contains a special section on the Construc- 
tion and Management of Upright Internally-fired Boilers, 
together with several additional Tables of Rivetted Joints 
and Bursting Pressures, &c. A Specification and detailed 
Drawing of a Lancashire Boiler, for a working pressure 
of 200 lbs. per square inch, has also been added, and 
alterations on the subject-matter of the first edition have 
been made where required. 

The Author begs to offer his sincere thanks for the 
favourable reception accorded to the first edition, and it 
is his earnest hope that the extensions made in this issue 
may be of further service to readers of the original work, 
as well as to those who may now peruse the book for 
the first time. 

Glasgow, March, 1892. 



NOTE TO THE FOURTH EDITION. 



The exhaustion of the Third Edition of this work has 
rendered necessary the issue of a new edition, in presenting 
which the Publishers desire to record their gratification at 
the favourable reception that has hitherto attended its 
publication, which they venture to hope will continue to 
be accorded it at the hands of Engineers and professional 
men generally. 



CONTENTa 



PAO« 

Fa^face, V 

Contents, vii 

List op Illustrations, . ix 

Introductory, 1 

I. — Explosions Caused by Overheatinq of Plates, . 6 

(a) Shortness of Water, 5 

(6) Deposit, 7 

II. — Explosions Caused by Defective and Oybrloadbd 

Safety-Yalves, 12 

Area of Safety-Yalves, 19 

III. — Explosions Caused by Corrosion,. . • . 26 

(a) Internal Corrosion, 2(5 

(b) External Corrosion, 31 

lY. — Explosions Caused by Defective Desion and 

Construction, 39 

(1) Unsupported Flue Tubes, .... 40 

Collapsing Pressures, .... 49 

(2) Unstrengthened Man-Holes, ... 51 

(3) Defective Staying, 54 

(4) Bursting Pressures of Cylindrical 

Boilers, 81 

(5) Strength of Rivetted Joints (Iron), . 83 

(6) Factor of Safety, 94 

Specification of a Lancashire Boiler for a Working 

Pressure of 80 Lbs. per Square Ii^ch, • . . 98 

Mountings and Fittings, 100 



X CONTENTS. 

PAGB 

Vertical Boilers, Introductory, . • • .10.3 

„ Construction, . • • . .104 

„ „ Shells, . . . 105 

„ „ Grown Plates and 

Uptake Tubes (Pro- 
portion op), . .110 
„ „ Man-Holes, Mud- 

Holes, AND Fire- 
Holes, . • .112 
ff „ Fireboxes, . .113 

„ Mountings, 129 

„ Management, . . • , ,139 
„ Cleaning, .140 

Table op Bursting Pressures op Steel Boilers, • 142 

„ Ei VETTED Joints „ „ . .143 

Specipication and Drawing op Lancashire Boiler 
FOR A Working Pressure op 200 Lbs. per Square 
Inch, 144 

Index, • • • • • 151 



LIST OF ILLUSTRATIONS. 



Fboittispiece, Longitudinal Section, Plan, and Cross Section of Lancashire 

Boiler and Setting. 



Fio. 

1, Ordinary lever safety-valye, • • . • ■ 

2, Balanced lever safety-valve, . . . • • 

3, 4, and 5. Safety valves loaded by Salter's spring-balance, • 

6. Gross section of plain cylindrical boilers suspended from girders, 

7. Gross section of Lancashire boilers, showing external flues and 

improved method of enclosing top of boiler, . 

8. Gross section of multitubular boiler, showing external flue, 

9. Section of girder support for externally flred boilers, 

10. Gross section of Lancashire boiler, showing method of improving 

confined side flues, 

11. Gross section, showing method of improving external flues of 

Itoilers set on mid-feather walls, 

12. Adamson's flanged seam, • 

13. Bolton hoop for flues, • 

14. Tee-iron hoop for flues, • • . 
15 and 16. Corrugated riug^ • • . 

17. Angle-iron hoop for flues, • • • 

18. Plain iron hoop for flues, • . • 

19. Hawksley, Wild & Co.'s flue, . • 

20. Davey, Paxman & Co.'s flue, • • 

21. Arnold's flue, . . • • 
22* and 23. Plan and section of compensating ring for man-hole 

openings, .... 

24. Longitudinal section of front end of Lancashire 

arrangement of gusset stays, . 

25. Cross section of front end, showing arrangement of gusset stays, 

26. Cross section of back end, „ „ „ „ 

27. Longitudinal section of back end, showing arrangement of 

gusset stays, ...«•#• 



boiler, showing 



Paqv 
14 
14 
14 
34 

34 

34 

35 

35 
44 
44 
44 
44 
45 
45 
44 
45 
45 

53 

56 

se 

67 
67 



xii LIST OF ILLUSTRATIONS. 

Paqc 

2S. Diagram, showing surface supported by gusset stays, • • 59 

^. Diagonal stays, ....... 62 

30. Longitudinal view of Breeches' flue, .... 64 

SI. Plan of furnaces and Breeches' flue, .... 64 

32. Cross section of „ .... 64 

33. Cross section of multitubular boiler, showing stay tubes, . 67 

34. Locomotive firebox, cross section, showing attachment of water- 

space stays, . . . . .69 

35. ,, ,, part of side showing water-space stays, . 69 

36. ,, ,, longitudinal section, showing attachment of 

girder stays, . . . .74 

37. ,, „ plan of solid girder stay, . . .74 

38. ,, ,, cross section, showing - attachment and 

arrangement of girder stays, . . 74 

39. ,, ,, plan of plate girder stay, . . .74 

40. „ „ longitudinal section, showing method of sup- 

porting crown, . . . .78 

41. „ ,, cross section, showing method of supporting 

crown, ..... 78 

42. ,, ,, cross section, showing method of supporting 

crown (Burnet, Go van), . . . 79 

43. „ ,, longitudinal section, showing method of sup- 

porting crown (Bumefc, Govan), , . 79 

44. Section of longitudinal joint D.R. chain, . . .86 

45. Plan »>»>>* ... 86 

46. Section ,, ,, D.R. zigzag, . . .87 

47. Plan „ ,» „ ... 87 

48. Longitudinal section of Butt strap joint, double rivetted, . 90 

49. Plan „ ,, . . 90 

50. Longitudinal Section, details and cross section of Lancashire 

Boiler, working pressure 200 lbs. per square inch, . . 144 



- r, 



STEAM BOILEES- 



INTRODUCTORY. 

Since the introduction of the Boiler Explosions Act, 1882, 
500 boiler explosions have been reported to the Board of 
Trade,* which, besides damage to property and other loss, 
have caused 267 deaths, and serious injury to upwards 
of 500 persons. In addition to the explosions thus 
recorded, many minor boiler accidents have occurred, which 
although unaccompanied by any serious results have been 
the means of causing stoppages of works, with consequent 
loss to employers and employed. 

The investigations made show that the majority of the 
explosions which have occurred cannot be viewed as acci- 
dental, inasmuch as they were due to deterioration and 
other defects which could have been detected by careful 
inspection long before their condition became dangerous. 
The experience gained by the Board of Trade surveyors as 
to the causes of explosions diffei-s in no respect from that of 
>the Boiler Inspecting Companies, who have for upwards of 
thirty years been giving such matters their closest attention. 
The whole history of boiler explosions points to the fact 
that there have been, and in all probability still are, many 
boilers at work, which, if examined by competent inspectors, 
would be found deficient in what experience and rule have 
proved to be necessary for safety. That a steam boiler 

* During the nine yeans endiDg 90th June, 1891. 
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should be of good construction and material, properly 
mounted and set, is of the first importance; but to insure 
safety it is necessary that all boilers should be carefully 
attended when at work, and thoroughly Examined by quali- 
fied inspectors at least once a year. Under such conditions 
durability and economy will be secured, and the chances of 
accident or explosion will be reduced to a minimum. 

Incompetency and neglect on the part of attendants, 
although amongst the causes assigned for boiler explosions, 
are charged with a very small percentage of those accounted 
for during the working of the Explosions Act, 1882. This 
feature of the reports is doubtless very creditable, and shows 
the absurdity of the statement, still somewhat commonly 
made, that no explosion could occur unless the fireman 
allowed his boiler to " run dry." Whilst boiler attendants 
are thus accredited with satisfactorily performing those 
duties for which they are generally held responsible, it must 
be apparent to all who have read the Board of Trade reports 
that the number of explosions would have been reduced, 
if the men in charge had been trained to take an interest in 
the working of their boilers beyond the merely mechanical 
duties of feeding, firing, and cleaning. It is not to b^ 
expected that attendants should be skilled in boiler con- 
struction, but there is no reason why they should not be 
competent to draw attention to defects before they become 
dangerous, and to form fairly sound conclusions as to ho^V 
the safety of boilers is affected by deterioration and other 
evils to which they are subject. That many are thus quali- 
fied is well known by the ofiicers of the Boiler Inspecting 
Companies, and cases occur frequently wherein the experi- 
ence that careful attendants obtain from daily obser\'atioii 
and the periodical inspections at cleafting-times, is of the 
greatest service in directing the attention of experts to 
flaws that might otherwise have escaped their observation. 
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r: Referring to the training of attendants as a means of> 
obtaining improved supervision of boilers, it has been said 
that many of them know too much already, as they display 
great ingenuity in the matter of overloading safety-valves^ 
and otherwise tampering with boilers in such a manner as., 
to increase the dangers attending their use. Actions such: 
as are here referred to, however, can only be attributed to^ 
ignorance of the dangers involved, and tend rather to prove- 
that if the ability of which such ingenuity is evidence were' 
properly guided, the number of explosions would be reduced^ 
and the efficiency of boilers increased. The responsibilities' 
of boiler attendants are variously estimated, but they may 
be reduced to two aspects — the one as indicated in the- 
Board of Trade reports, and the other as understood by a. 
number of steam users. According to the former it would> 
appear that a fireman has done all for which he can be held 
responsible when he keeps up the required supply of feed- 
water, and throws into the furnace the amount of fuel 
necessary to evaporate it into steam. According to the^ 
latter, however, the responsibilities of a boiler attendant are 
of a very high order. Instances of firemen being allowed to 
give instructions as to repairs and other important matters 
are by no means uncommon, they being in many steam- 
using establishments the only individuals who can claim ta 
possess a mechanical knowledge of any kind. The Board 
of Trade Report, No. 134?, refers to a boiler which had been 
left to the sole management of the attendant, even to the 
supervision of repairs and alterations, the result being sucb' 
a reduction of strength that it exploded at the ordinary; 
pressure with disastrous results. The responsibility assigned' 
by the Board of Trade to those in charge of boilers is' 
evidently as far short of what it should be, as that placed 
upon them by certain steam users is beyond it. The reports 
clearly show that many of the explosions were the results 
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of defects so palpable that eveu the most casual inspection 
should have detected them ; and in these cases, if the 
attendants had been made to understand that it was part of 
their duties to look for, and refer all such defects to the 
judgment of qualified parties, there can be no doubt that 
many of the e^tplosions would have been prevented. On the 
other hand, it is quite evident that the apportioning of safe 
pressures Und giving ordera as to repairs and alterations, are 
duties which none but those who are thoroughly conversant 
with the strength and construction of boilers are competent 
to perform. 

Careful consideration of the evidence adduced from the 
' Board of Trade Reports points to the following conclusions 
843 the best, if not the only, means of preventing boiler 
explosions : — 

First, Steam users in getting new boilers should have 
detailed specifications prepared by qualified persons, who 
should also be entrusted with the inspection of the material 
and workmanship during construction. 

Second, Boiler attendants should be made to understand 
that, in addition to the ordinary stoking duties, it is their 
business to exercise a general supervision over the boilers 
and fittings ; and all defects observed when boilers are under 
steam or being cleaned should be carefully noted, and 
reported for the attention of the inspector. 

Third, All boilers should be examined in every part at 
least once a year by a thoroughly competent inspector, 
whose business it should be to apportion safe pressures, give 
instructions as to repairs, and generally to advise the steam 
user and attendant in all matters relating to the boilers 
under their charge. 



OVERHEATING OF PLATES. 5 

I. EXPLOSIONS CAUSED BY OVERHEATING 

OF PLATES. . 

(a.) Shortness of Water was formerly believed bj^ many, and 
is still considered by not a few, to be the sole cause of boiler 
explosions ; but although this is by no means the case, it is- 
frequently productive of very serious results. Numerous 
devices, such as low-water alarums in great variety, and 
automatic feeds, &c., have been introduced with a view to 
minimise, if not altogether prevent, boilers . being injured 
in this way ; but the best of these are liable to go out of 
order, and in a number of instances, owing to the confidence 
placed in their action by attendants, have led to the very 
results they were designed to obviate. Experience of this 
kind has occasionally led steam users to conclude— and not 
without some reason — that such fittings add needlessly to 
the cost of boilers, and tend to remove the sense of responsi- 
bility every fireman should feel. 

The most common and at the same time the most reliable- 
indicator of the " water level " is the glass-tube gauge, and 
when this fitting is of good construction and properly 
situated, there is no excuse, except under extraordinary 
circumstances, for the boiler "running dry.'' Every fireman , 
on taking charge of a boiler should ascertain for himself that 
the water-gauge is properly situated, and thereby know the 
actual depth of water over the plates exposed to the direct 
action of the fire. An approximate idea of this may be 
obtained even when the boiler is at work ; but when it is oflT^ 
there is no difficulty in arriving at an accurate conclusion. 
As a general rule, it may be taken that the water-way of 
a glass gauge should not be less than 3. inches above the 
furnace crowns of internally-fired boilers, and about the 
«ame distance above the highest parts exposed to the firer. 
in the case of externally-fired boilera. 
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\y^hen gauges are set too low — a somewhat common 
t)ccurrence — there is considerable danger of the feed-supply 
being neglected, and to prevent this the glass-tubes should 
be shrouded at the bottom with ferrules of such length, 
that, when the water is visible in the glass, there will be' 
a depth of 4 inches over the furnace plates. 

None of the many sheets of "Instructions to Firemen" 
omit to caution them that the water gauges should be "tried 
frequently," in order to ascertain that they are indicating 
the correct level; but, unfortunately, by many, the method 
of "trying" is understood to mean simply the occasional 
-opening of the drain tap, and although this practice may 
tend to keep the passages clear, it is absolutely necessary 
in all cases, and particularly where the feed-water is bad, 
that each tap should at intervals be tested independently. 
The best way of testing the gauge, is to shut the top tap, 
and by opening the bottom and drain taps, allow the water 
to blow through freely until the water-way is quite clear ; 
the bottom tap should then be closed, and the top tap 
opened and blown through in the same manner. By such 
>means the gauge may be relied on to indicate correctly, 
and the taps will be kept in movable order — a condition, 
it may be added, the absence of which many have found 
to be a serious inconvenience on the occasion of a glass- 
tube breaking. In the majority of works the amount of 
water that is daily evaporated by each boiler varies little, 
as a rule, and firemen are accordingly very apt to drop 
into a routine of duties -which will suit the regular con- 
' ditions, forgetful that boilers sometimes take an unaccount- 
.able fit of priming, or that check-valves and blow-off taps^ 
«&c., are liable to get into a leaky condition outside of their 
knowledge, and thus render an increased supply of feed- water 
necessary in order to prevent the furnace plates being bared. 

One of the most serious explosions referred to in the 
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Board of Trade Reports was the i*esult of shortness of water. 
In this case, the water-level of one of the boilers in a group 
of ten was lowered by leakage (supposed to be through a 
defective blow-off pipe joint) to such an extent, that the plates 
over a considerable area became softened by overheating, and,, 
rupturing, caused a most violent explosion, which so seriously 
injured two of the adjoining boilers that they also exploded;, 
the result being that four men were killed, eleven injured; 
and several thousand pounds' worth of property destroyed] 
Whilst it is thus evident that shortness of water may be^ 
productive of most serious results, and that care is necessary 
under the best circumstances to prevent its occurrence, it is 
Hot the only condition that leads to furnaoe plates being 
injured by overheating. 

(6.) Deposit.— The general water supply of this country con- 
tains more or less solid matter in suspension and solution^ 
the former consisting of mud or other surface impurities, 
and the latter of limey substances and minerals, through 
which the water flows. Surface impurities may be removed 
?)y filtration or by allowing the water to settle in ponds 
before it is used, and in a number of places some such prac-^- 
tice as this is carried out. Numerous schemes have beea 
devised for removing the solid matter held in solution, but 
none, so far, have been so successful as to merit anything 
like general adoption, and, as a rule, boilers are supplied 
•with water from which few, if any, of the impurities have 
t>een i emoved. 

< On the evaporation of a given quantity of water, the solid 
matter it previously contained in solution is left, and in 
course of time falls to the bottom, or adheres to the plates 
nearest to the point where it was set free by evaporation. : 

The quantity of solid matter that the water of this 
•country holds in solution varies very considerably, but ah 
%tverage of 80 grains per gallon may be taken as a' feii* 
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estimate. A boiler evaporating 400 gallons per hour would 
thus — unless preventive means were employed — collect 
upwards of 20 lbs. per day of 12 hours, and in a short time 
would be of little service, if not positively dangerous, as a 
steam generator. 

The effect of deposit on the plates exposed to the heated 
gases from the furnaces is that, in proportion to its thickness 
and non-conducting properties, it prevents the heat being 
taken up readily by the water, and is thereby liable to cause 
such overheating of the plates as to make them unfit to 
sustain the pressure. 

Apart from such serious results as are here indicated, the 
presence of deposit on the plates is almost ceitain to cause 
local straining more or less severe, the result being that 
frequent repairs become necessary, and the durability of the 
boilers is materially affected. The chances of injury are 
very considerably increased if, in addition to deposit, the 
feed-water becomes impregnated with greasy matter, such 
as is frequently found in boilers where the water is heated 
by being in contact with the exhaust steam of high-pressure 
engines, or is drawn from the hot- wells of condensing engines. 
In cases of this kind the greasy matter combines with the 
deposit, and whilst raising its non-conducting properties, 
makes it adhere so firmly to the plates as to prevent even 
a partial removal by blowing off. There are, doubtless, many 
boilers the feed-watera of which are heated by contact with 
the exhaust steam, or drawn from engine hot-wells, which 
have worked in this way for years without apparent injury; 
but whilst granting this, and even admitting the statement 
sometimes made that the boilers are kept cleaner by such 
practice, it cannot be denied that even under the best condi- 
tions there is an element of danger present, and that it is 
necessary to exercise the gi'eatest care. The nature of the 
feed-water and the quality and quantity of the oil are the 
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principal considerations ; if carbonate of lime, magnesia, of 
organic impurities are present in the water to any extent,, 
the admission of oil is certain to give trouble, and if the 
lubricant used in the engine cylinders is any other than pure 
mineral oil, corrosion of the boiler plates, besides overheating, 
is certain to occur. The quantity of oil that is used in 
engine cylinders, and consequently the amount that is car* 
ried into the feed-tanks, varies, and may at times be exces- 
sive. As an illustration of this, an instance of recent 
occurrence may be quoted. In this case the water supply 
was practically free from impurities, and although the ex- 
haust steam had been discharged into the open feed-tank 
for years, the plates of the boiler, with the exception of a 
little grooving at the furnace seams and end attachments, 
were in very good condition, and the boiler generally was 
sufficiently strong for its work. The quantity of oil used in 
lubricating the piston and valve of the engine was small^ 
and any damage it might have caused, beyond the grooving- 
referred to above, appeared to have been prevented by the 
system of washing out which was practised. This fairly 
satisfactory state of matters came to an end in the following 
manner:^ — ^A new piston had been fitted into the engine 
cylinder, and as it was rather tight, the engineman used his 
oil-tin freely, the result being that a much larger quantity 
of oil than usual was carried into the feed-tank, and from 
it into the boiler. The engine and boiler had only been 
at work a few days under these circumstances, when the 
furnace crown plates collapsed, although the glass gauge — 
which was in good order — indicated a sufficiency of water. 
An internal examination having been made, the plates of 
the shell and flues were found besmeared w^ith oily matter^ 
which on the furnace crowns had, by the action of the heat^ 
been converted into a black scale. The furnace plates, for- 
tunately, were of good material, as they withstood the great 
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l^traiD to which they had beien subjected without rupturing, 
a,nd thus prevented what with inferior material might have 
beien a serious explosion. Many instances of a similar 
nature might be referred to, but the foregoing will suffice to 
4ihow that, even where the general conditions are most 
favourable, circumstances are liable to arise which will 
render the practice of heating the feed-water by contact 
with the exhaust steam dangerous in the extreme. 

A great deal of interesting matter might be written 
Ipjegarding the various pioperties of the deposits and impuri- 
ties found in boilers ; but the important question for steam 
users and firewjen to consider is — How are they to be kept 
f rorii 'accutnulating ? for, whatever their nature, it must be 
evident to all that any substance which prevents the water 
from being in direct contact with the plates, must tend to 
reduce the economical working and durability of boilers, and, 
AS has been explained, may be the cause of serious accident. 
There is, however, no general remedy or method of treating 
boilers in regard to the impurities contained in the water by 
\»rhieh they are supplied. The judicious use of the blow-off' 
taps when boilers are at work, combined with periodical 
washing out, are so far the principal means whereby deposits 
*nay be prevented from accumulating ; and according to the 
nature of the feed-water, and to the manner in which the 
boiler is worked, so will these means require to be carried 
out more or less frequently. It is doubtless the case that 
much good may be done by introducing suitable solvents, 
whereby the deposits from the water are prevented from 
forming into hard masses of incrustation; but there are 
many patented compounds in the market for this purpose, 
and the greatest care should be exercised in their selection 
and use, since instances — like the explosion referred to in 
^o. 39 of the Board of Tmde Reports — ^are occasionally met 
with where the use of a solvent has actually rendered the 
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deposits from the water more dangerous than they would 
otherwise have been. The use of special feed- water heaters, 
as no^v made by a number of leading firms, is the tnost 
effectual method of preventing the solid matter iii the feed- 
water from beincr a source of trouble. These heaters collect 
the matter held in solution and suspension^ and in dis- 
tricts where the feed-water is bad they are of the greatest 
benefit. Filtration of the water by any of the simple appli- 
ances for this purpose would also do a great deal towards 
reducing the impurities found in most boilers; and these, 
along with all other methods which deal with the difficulty 
before the water goes into the boiler, are well worthy of 
consideration. 

The most suitable times for blowing off* will vary accord- 
ing to circumstances, but it will generally be found most 
-effective after a boiler has had an interval of quietness, such 
as may be obtained in many places during meal liours, &c. 
At times like these, the lighter ingredients, which are held 
in suspension when the water is in an active state, sink to 
the bottom, and are thus readilv removed. 

All boilers, but particularly those which are set in brick- 
work, should be allowed to cool down gradually before the 
water is run off*, as otherwise the heat retained in the brick- 
work induces severe straining through unequal expansion. 
It also causes the deposit to adhere so firmly to the 
plates as to render its removal a matter of considerable 
difficulty. 

The explosions referred to in the Board of Trade Reports 
as being the result of impurities in the feed- water, show that 
the accumulation of non-conducting matter on the plates of 
a boiler may become a grave source of danger; but they con- 
vey a very imperfect idea of the damage and loss that are 
annually sustained by the steam-using community from thfs 
cause. 



12 STEAM BOILERS. 



IL EXPLOSIONS CAUSED BY DEFECTIVE AND 
OVER-LOADED SAFETY-VALVES. 

The percentage of explosions from these causes is high, 
and goes to show that what are invariably named " safety *'- 
valves should frequently be considered danger-waLlves. The 
design and construction of safety-valves are often such as to- 
render the keeping of them in order a matter of great diffi- 
culty, and they are sometimes in such positions that the 
shutting of a tap or steam- valve will cut oflf their connection 
with the boilers for which they are intended to act. In 
addition to these drawbacks, it is notorious that there are 
no mountings so much abused as safety-valves. They are 
found loaded and overloaded by all kinds of weights, and 
frequently inoperative by wedging, corrosion, or neglect. 
Such conduct betokens either great ignorance or a total 
disregard of the serious risks incurred, and in any case 
those who are guilty of it cannot be too strongly condemned, 
or too quickly dispensed with. Lever Safety- Valves are most 
aflfected by such treatment, for they are easily overloaded, 
owing to the multiplying power of the lever, by which 
a slight addition to the weight may increase the load 
on the valve to a serious extent. They are usually fitted 
with close-top lever guards, which have the appearance of 
being specially designed to facilitate the wedging-down pro- 
cess, and, in addition to the chances of corrosion at spindles 
and valves, the fulcrum joints are liable to become furred 
up to such an extent as to make the lovers immovable. 

Notwithstanding these objections to their use, there are 
few boilers that are not fitted with one or more lever safety- 
valves, and as many mechanics and boiler-attendants are 
not conversant with the rules for determining the weights 
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and dimensions of these valves, the following examples may 
be of service : — 

Fig. 1 represents an ordinary lever valve loaded by means 
of one weight fixed at the extremity of the lever. 

L = the length of lever in inches from the fulcrum to 
the point at which the ball or weight is sus- 
pended. 

F = the length of lever in inches from fulcrum to 
centre of valve. 

G = the length of lever in inches from fulcrum to 
centre of gravity. 

A = area of valve in square inches, = square of 
diameter X '7854. 

W = weight of ball in lbs. 

wl =1 weight of lever in lbs. 

wv = weight of valve in lbs. 

P = pressure in lbs. per square inch at which the 
valve should blow. 

The lengths L, F, and G should be taken as accurately as 
possible, and the weights W, wl, and wv should be taken 
separately. The lever should be balanced on a knife-edge 
to find centre of gravity, and having obtained the diameter 
of the valve, refer to the table on page 24 for its area. 

The formula for determining the pressure at which a valve 
should begin to blow, is as follows : — 

J, _ W X L + (wl X G) + (wv X ¥) 
^^ AxF 

And substituting figures for letters, let L = 27 inches, 
F = 3J inches, G = 10 inches, A = 8*29 square inches 
{Si inches diameter), W = 565 lbs., wl = So lbs., and tew = 
2 lbs. 
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Then, W x L = 660 x 27 ^ 15255 
wl X G = 8-5 X 10 = 85- 
wv X F ^ 2- X 3-25 = Go 



1G17- 

= 60 lbs. per sq. in. 



Div. by A X F = 8*29 X 325 = 2694 

If the valve is working freely, a pressure of 60 lbs. per 
square inch would be obtained when L == 27 inches, and the 
load on safety-valve at any distance le&s than 27 inches will 
bear the same proportion to that of 60 lbs. per square inch,. 
as the distance to which the weight has been moved will 
bear to 27 inches — thus, when L is reduced to 22^ inches,, 
or one-sixth less than 27 inches, the load on valve will be 
50 lbs. per square inch, or one-sixth less than 60 lbs., and 
so on. 

When it is required to know at what point the weight or' 
ball should be set to obtain a certain pressure, the formula is 

J _ A X P X ¥-[(wl X G) + (wv X F)] 

W 

and taking the pressure obtained (60 lbs.), with the figures 
given in the first example, the formula is worked out thus — 

Ax PxF = 8'29x 60x3 25 = 1616-55 

from which deduct 

(wl x G) + (wv X F) = (8-5 X 10) -h (2 x 3-25) = 91-5 



152505 
= 27 in. 

Divide the remainder by W = 56*5 

To find the weight of ball required to give a certain 
prMmre, the formula is the same as in ^e preceding 
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example, with the exception that L becomes the divisor— 

thus, 

^y _ A X P X F - [(wl X G) + (wv X F)] 

When balanced levers are employed, the terms wl and ujv 
in the preceding formulae are not taken into account. 
Fig. 2 represents a balanced lever, the weight D at fulcrum 
•end being equal to the combined weights of lever, valve, 
and connections; and it follows that W, which is 56*5 lbs. 
in the foregoing example, must be increased by the amount 
of the effective weight due to lever, valve, and connections 
to obtain the same pressure — thus, 

™ A X P X F 8-29 X 60 X 3-25 ^^ ^^ ,, 
W = J = ^= = 5927 lbs. 

It will be seen from these examples of lever-valves, that 
the pressure at which they will blow may be seriously 
affected by even a slight alteration of their dimensions or 
weights; and it should also be understood that unless the 
levers, valves, and spindles are quite free in their action, it is 
impossible to arrive at a correct idea of the steam-pressure 
necessary to lift them. 

Lever-valves loaded by "Salter's" spring balances are 
usually proportioned as illustrated by Fig. 3. The length 
of the fulcrum (F) is equal to the diameter of the valve, 
and the total length of the lever (L) is equal to the 
-diameter multiplied by the area (A), the index on the 
balance being graduated in lbs. By arranging the propor- 
tions in this way, a pressure of 1 lb. per square inch on the 
valve is obtained by each 1 lb. at the end of the lever, and 
it follows that the number to which the index-finger on the 
balance points, represents the pressure per square inch on 
the valve. The formula for calculating the pressure is the 
£ame as already explained, the ^^ Salter's" balance being 
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«imply a more convenient arrangement for locomotive and 
pbrtable boilers, &c., than the ordinary lever and ball. It 
may, however, be stated that in calculating these valves the 
effective weight of the lever and valve is not as a rule 
taken into account. 

When safety-valves loaded by " Salter's '' balances are of 
different proportions to those given, it should be ascertained 

. by calculation from the exact dimensions whether 1 lb. at 
the end of the lever is equivalent to 1 lo. per square inch on 

' the valve ; for it frequently happens that the original levers, 
balances, and valves get se[)aratecl, with the result that a 

. balance may be found attached to a lever out of all propor- 

.tion, and that the numbers on the index convey no idea 
of the lbs. per square inch on the valve. At the same 
time, although the proportions as in Fig. 3 are very con- 
venient, and are those commonly adopted in good practice, 
it does not follow that all others are inaccurate; for if it 
were necessary to have a lever of greater length, it only 
requires that the relative proportions of F and L be retained 
to obtain the same results. Thus, with a lever aiTanged as 
Fig. 4, where F and L are twice the length, 1 lb. on the 
index of the balance would also be equal to a pressure 

. of 1 lb. per square inch on the valve. In all cases where 
the pressure indicated by the balance does not correspond 

^with the load per square inch on the valve, it is of the 

'greatest importance that it should be tnade to do so; and for 
this purpose the balance should be tested by suspending 

■ therefrom standard weights — say, of 28 or 56 lbs. ; if these 
weights move the pointer to the indices 28 and 56, it will 
show that the balance has been graduated in pounds, and 
has been designed for a lever proportioned as in Fig. 3 or 

• Fig. 4. To make the balance connect for different pro- 
portions, another index plate must be fitted, having the 

graduations arranged to suit these. For example, if it were 

2 
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required to adjust the graduations on the index plate of a 

spring-balance to suit the proportions given in Fig. 5, the 

method of procedure would be as follows : — 

First ascertain what pressure on the valve would be 

balanced by a given weight at the end of the lever. The 

proportions of F and L, Fig. 5, are as 1 is to 7 ; and it 

foUows that a weight of 7 lbs. at the extremity of the 

lever would be equal to a total load of 7 X 7 = 49 lbs. on 

49 
the valve, or -r-^ = 10 lbs. per square inch of valve area. 

In the same manner, a weight of 14 lbs. on the lever would 
be equal to a pressure of 20 lbs. per square inch, and so on. 
The various weights, 7 lbs., 14 lbs., and upwards, as required, 
should then be suspended from the balance, and the position 
of the pointer with each weight should be carefully marked 
on the index plate, after which the spaces between may be 
equally divided and reckoned up. 

The foregoing will serve to illustrate to what a dangerous 
extent these safety-valves may be overloaded through 
inaccurate proportions ; and this is all the more important 
when it is considered that the boilers to which safety-valves 
with spring-balances are applied, usually carry the highest 
steam-pressures employed. For such reasons they should 
receive every attention, and the spring-balances should in 
all cases be fitted with stop-ferrules suitable for the safe 
loads on the boilers to which they are applied. Care should 
also be taken to ascertain that these ferrules are of such 
length as will prevent the spring-balances and safety-valves 
being rendered inoperative through overscrewing of the 
spindles. 

Dead-weight safety-valves of good construction have 
many advantages over those of the lever type, and they are 
rapidly coming into general use. 

The rules for ascertaining the proportions of valves jmd 
weights are as follows : — 
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When A anJ P are known, W is found thus, A x P = W< 

W 
■^ ?> W „ P „ -J- = B*^ 

W 

W „ x „ A „ -p :^ A 



If A = 8-29 sq. ins. and P = 60 lbs., then W = 8-29 x 60=497*4 !bs. 

4974 
8 -29 



A= 8-29 „ „ W= 497-4,, „ P =~ii^ =60* „ 



W=497-4 lbs. and P= 60 „ „ A =^?^ = 8*29 sq. in. 

It will be seen that a valve having an area of 8*29 square 
inches requires a weight of 497^ lbs. to obtain a pressure 
of 60 lbs. per square inch, and that, for every additional 1 Ib^ 
per square inch of pressure desired, this weight must be 
increased by the same number of pounds as there are square 
inches in the area of the valve. This feature in the dead- 
weight valve is its great protection against serious over- 
loading, and with those of good type the construction is. 
such that, in the event of extra weights being applied, they- 
cannot fail to attract attention. 
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Safety-valves, besides being accurately loaded and fitted 
so as to blow at the required pressure, should have a dis- 
charging power sufficient to prevent any material increase- 
of pressure under all conditions of working. The term- 
" discharging power " refers to the area of the opening due 
to the maximum lift of the valve multiplied by its circum- 
ference ; and unless the opening thus found is proportionate 
to the working pressure, the amount of fuel consumed, and 
volume of steam generated in a given time, the pressure in 
the boiler is liable to rise more or less above that to which 
the valves are loaded. Under ordinary conditions of work- 
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ing, the steam generated in a boiler flows freely into tho 
engine cylinder or elsewhere, and with good stoking the 
quantity required will be regulated so as to prevent any loss 
through " blowing off." It should be distinctly understood 
that all steam discharged through the safety-valve is so 
much heat or power wasted, and it should be the aim of all 
attendants to economise in this respect as much as possible. 
Circumstances will occur, however, which render a great 
discharge of steam through the safety-valves a necessity. 
An unexpected stoppage of engines when the fires have been 
made up for full work, will rapidly cause an increase of 
pressure, and unless the safety-valve outlet is equal to such 
an emergency, the pressure may accumulate to a dangerous 
extent. In determining the sizes of safety-valves, the prac- 
tice was (and is to a certain extent still) to make the area 
proportionate to the grate surface, or heating surface of the 
boiler, without taking into account either the pressure to 
which the boiler is loaded, or that, for a given weight of steam, 
the volume varies in the inverse ratio of the pressure. The 
rule most commonly employed requires one-half square inch 
of safety-valve area for each square foot of grate surface. The 
sizes of safety-valves thus obtained, whilst giving ample 
area for boilers, the pressures of which are 60 lbs. per square 
inch and upwards, would be disproportionate to the require- 
ments of boilers working below 60 lbs., and for the lower 
pressures the area would be so much under what is required 
as to make the valves useless in preventing over-pressure. 

According to a series of experiments which were con- 
ducted by a committee of the Institute of Engineers and 
Shipbuilders of Scotland it was found that, whilst an open- 
ing (square-edged) of 1 square inch discharged 67 lbs. weight 
of steam per minute at a pressure of 90 lbs. per square inch, 
it required an opening of 3 square inches to discharge 69 lbs. 
weight of steam per minute at a pressure of 30 lbs. per square 
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inch. It will be seen that the area of opening required to 
discharge 67 lbs. weight of steam at the higher pressure was 
just one-third of that necessary to discharge 69 lbs. weight 
of steam at the lower pressure. The same results were 
obtained throughout the experiments referred to, and, as 
pointed out in the committee's report, they show that the 
area required to discharge any given constant weight of 
steam varies almost inversely as the pressure. 

The lift of safety-valves of the ordinary type is very 
limited, rarely exceeding one-eighth of an inch, and this 
amount multiplied by the circumference of the valve may 
be taken as the measure of its discharging power. To 
obtain the amount of clear opening necessary to discharge 
all the steam generated in an ordinary land boiler of 
maximum size, the diameter of a single safety-valve (for 
low-pressure particularly) would require to be considerable ; 



£oi!er Tressare. 


Area of SafeW-Valve 

per Square Foot of 

Orate Surface. 


Boiler Pressure. 


Area of Safety- Valve 
per Square Foot of 
. Grata Surface. 


15 lbs. 


1*250 sq. in. 


70 lbs. 


•441 sq. in. 


20 „ 


1071 „ 


75 „ 


•416 „ 


25 „ 


•937 „ 


80 „ 


•394 „ 


30 „ 


•833 „ 


85 „ 


•375 „ 


35 „ 


•750 „ 


90 „ 


•357 „ 


40 „ 


•681 „ 


95 „ 


•340 „ 


45 „ 


•625 „ 


100 „ 


•326 „ 


50 „ 


•576 „ 


105 „ 


•312 „ 


55 „ 


•535 „ 


110 „ 


•300 „ 


60 „ 


•500 „ 


115 „ 


•288 „ 


e5 „ 


•468 „ 


120 „ 


•277 „ 
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but as a greater diameter than 4 inches is objectionable, the 
additional area should be made up by using two or more valves 
:^as required. According to the rules at present authorised by 
the Board of Trade, the area per square foot of fire grate 
should not be less than that given in the foregoing tables 
opposite the boiler pressures intended. These tables refer 
<;hiefly to the proportions of safety-valves required for 
marine boilers ; and as the amount of water evaporated per 
square foot of grate surface by these is usually in excess of 
that in land boilers, the sizes obtained by the rules may be 
taken as ample for land boilers under ordinary firing. 

Specially designed safety-valves are now made, which are 
•guaranteed to have a lift equal to one-fourth of their 
diameter without any increase of pressure over that to 
which they are loaded ; and as the opening formed by the 
lift of such valves would be equal to their area, a great 
•discharging power can thus be obtained with valves of small 
diameter. 

Where lever-valves are used, the lever and weight should 
be so proportioned that when the weight is at the extremity 
of the lever, the required pressure will be obtained. This 
precaution reduces the chances of overloading so common 
when levers are too long, and if irregular weights should be 
-attached, they are more likely to be noticed. The steam 
faces of safety-valves of good construction are usually from 
one-sixteenth to one-twelfth of an inch in breadth, but after 
^ time, through repeated grinding, they are frequently found 
much broader, and great difficulty is experienced in keeping 
them tight. Valves in this condition are very liable to be 
-seriously overloaded, as, to the unthinking attendant, extra 
weight is the only remedy that will prevent the steam from 
■escaping, whereas it is more likely to aggravate the cause 
of the leakage by twisting the valve out of shape. 

With valves of fair construction, whether flat-faced or 
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conical, it is an easy matter to reduce the width of the 
faces, and this should always be done when they exceed 
one-eighth of an inch, as, apart from the trouble of keeping 
the broad surfaces in steam-tight order, such valves cannot 
be accurately loaded; the latter difBculty will be most 
apparent after the valve begins to blow, as the increased 
area which the broad face presents to the steam will keep the 
valve open until the pressure is reduced considerably below 
that at which it began to blow, and there is thus more or 
less waste of steam and danger of additional weights being 
applied to prevent it. 

Escape Pipes. — When rising or vertical escape pipes are 
attached to safety-valves, they should be fitted with drain 
pipes, so arranged that the top of the valves and the casings 
will be perfectly free from even the smallest accumulation 
of water. Inattention to this precaution has been the cause 
of many serious accidents ; for, in addition to the valve 
being overloaded in proportion to the weight of w^ater that 
is above it, there is the danger of the scalding contents 
of the escape pipe being violently ejected when the valve 
begins to blow. Rapid corrosion of the casings and valve 
spindles is also qyite common unless the condensed steam is 
thoroughly drained off, and many instances are known of 
safety-valves being rendered inoperative during the winter 
season through the water in escape pipes being frozen. The 
area of the escape pipe should always be rather over than 
under that of the valve, and in no case should the pipes be 
led into chimneys or other invisible corners, since the pipes 
of themselves, however well arranged, present sujBScient 
difficulty in the way of ascertaining that the valves are 
in working order. 

The Board of Trade Reports show that a considerable 
number of the explosions which have occurred within the 
last four years have been partly, or wholly, due to safety- 
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valves being defective in one or other of the ways indi- 
cated, and it is to be hoped that the publication of these 
reports, with their tales of injury to person and property; 
will have a salutary effect upon those who have hitherto 
treated carelessly or ignorantly such important fittings as 
safety-valves. 



TABLE OF DIAMETERS AND AREAS OF CIRCLES 
FROM U INCH TO 6 INCHES. 



Dilk 

H 


Area. 


•994 


lA 


1107 


li 


1 227 


lA 


1-362 


U 


1-484 


lA 


1-622 


H 


1-767 


lA 


1-917 


1* 


2-073 


m 


2-236 


li 


2-405 


m 


2-580 


n 


2-761 



Di*. 



2 

2A 

2i 

2A 

2i 

2A 

21 

2A 

2i 

2A 

2f 

m 



Area. 


Dia. 
2* 


Area. 


2-948 


5-939 


3-141 


m 


6-212 


3-341 


2i 


6-491 


3-546 


2H 


6-777 


3-758 


3 


7 068 


3 976 


3^ 


7-366 


4 -200 


3i 


7-669 


4-430 


3A 


7-979 


4-666 


3i 


8-295 


4-908 


3A 


8-617 


5-157 


3| 


8-946 


5-411 


3A 


9-280 


5 672 


H 


9-621 



DiJk 
3A 

3J 

qi 8 



4 

4i 

4A 



Area. 


Dia. 


Area. 


Dia 
5,^ 


A ea. 


9-967 


15-033 


21-125 


10-320 


4A 


15-465 


H 


21-647 


10-679 


^ 


15-904 


5^ 


22 166 


11044 


4A 


16-349 


H 


22-690 


11-415 


4| 


16800 


5A 


23 221 


11-793 


4H 


17-257 


5^ 


23-758 


12-176 


4i 


17-720 


5^ 


24-301 


12-566 


411 


18-190 


5f 


24-850 


12-962 


4J 


18-665 


5H 


25-405 


13-364 


41^ 


19147 


5^ 


25-967 


13-772 


5 

1 


19-635 


5H 


26-534 


14186 


5A 


20-129 


H 


27-108 


14-606 


5* 


20-629 


6 


28-274 



To find the area of a circle, multiply the square of tha 
diameter by 7854 A = D^ x 7854. 
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TABLE OF WEIGHT OF CAST-IRON SPHERES. 
Solid Cylinders One Foot Lono, and Square Bars One Foot Long. 



Diameter of 

Sphere and Cylinder 

or Side of Square. 


i 
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III. EXPLOSIONS CAUSED BY CORROSION. 

Of all the evils with which boiler-ownei-s have to contend 
there are none so insidious or so destructive as that of cor- 
rosion. This has been the experience of all who have given 
the matter attention, and the returns of the Board of Trade 
also show that corrosion of the plates of boilers is still the 
chief agent in bringing about disastrous explosions. 

Corrosion occurs both internally and externally; and 
whilst the former is sometimes very difficult to deal with, 
the latter is so easily prevented that its existence can only 
be taken as an indication of carelessness on the part of those 
responsible for the boilers affected. 

(a,) Internal corrosion is sometimes found in the form of 
general deterioration, the plates below the water-line being 
reduced in thickness throughout. It occurs also in the form 
of blotching, the plates being thinned more or less over 
surfaces of varying area, whilst at other parts they may be 
unimpaired. Another, and perhaps the commonest form of 
internal corrosion, is that known as '* pitting/* which gives 
the plates attacked very much the appearance of a face that 
has been ravaged by small-pox. In addition to the various 
forms of corrosion referred to, boilers are liable to be affected 
by internal grooving, a defect which, though induced by 
mechanical action, developes all the more rapidly when the 
feed-water is of a corrosive nature. 

The causes of internal corrosion have engaged attention 
from a very early period in our steam-using history, and 
numerous as well as varied have been the theories pro- 
pounded and remedies suggested. In these days, however, 
most authorities are agreed that internal corrosion is due to 
the presence of certain acids in the feed-water; and the 
manner in which these acids will affect the plates, whether 
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in the form of general deterioration, blotching, or pitting, 
depends on the nature of the material and the conditions to 
which it is exposed. 

General deterioration is a very dangerous form of corro- 
sion, for the plates, although seriously affected, are liable — 
owing to their uniform appearance — to be passed as sound. 
When corrosion of this kind is suspected, the overlaps of the 
seams should be carefully examined, as it is there the reduc- 
tion is most likely to be detected ; the plates should also be 
drilled to ascertain the actual thickness. Boilers supplied 
with water from certain pits and mines are liable to be 
affected by corrosion in this form. The waters obtained 
from moorland districts have also been found at times to 
have the same effect, and it is worthy of notice that such 
waters, as a rule, contain very little, if any, solid matter. The 
absence of sediment doubtless facilitates inspection, but the 
introduction of small quantities of limey matter with these 
feed-waters has been found advantageous in protecting the 
plates from the action of the corrosive acids. 

Blotching and pitting are sometimes ascribed to a want 
of uniformity in the material, by which certain parts are 
more susceptible to the action of acids than others, it being 
the general experience that the purest iron offers the least 
resistance to the inroads of corrosion. The different condi- 
tions of temperature, &c., to which the various parts of a 
boiler are subjected will also account for some of the plates 
(or it may be parts of the same plate) being more seriously 
affected than others, and the corrosive agencies in the water 
have frequently been found to concentrate at certain parts, 
leaving the remainder of the boiler quite free from attack. 

The progress of internal corrosion has frequently been 
arrested by the introduction of a quantity of soda with the 
feed-water, this having the effect of neutralising the acidity. 
There are many compounds advertised which are guaranteed 
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to prevent internal corrosion ; but, whilst several have been 
fairly successful, there are others which contain impuritiei? 
more or less hurtful ; and in any case, as the best of these 
specifics are mostly composed of soda, it will be found 
cheaper and more satisfactory to use soda by itself. The 
quantity required will vary according to circumstances, and 
can only be determined after careful trial and examination 
of its effects upon the plates. With certain feed-waters, the 
introduction of a very small quantity of common soda will 
cause foaming or priming ; and where special antidotes for 
corrosion are used, the greatest caution should be observed, 
as these not infrequently contain greasy matter, which is 
very liable to bring about serious priming as well as other 
injurious results. 

There are instances of internal coiTOsion upon which all 
the known remedies have been tried, and have failed to 
produce any beneficial result. In such cases — as will be 
evident — a change of feed- water is required ; but when this 
is impracticable, the deterioration due to corrosion can only 
be prevented from becoming dangerous by vigilant inspec- 
tion, judicious repair, and timely renewal. 

Grooving of plates and angles is induced by expansion 
and contraction resulting from variations of temperature 
and pressure. It is very commonly found in Lancashire 
and Cornish boilers at, or immediately over, the flue attach- 
ments to end-plates. The crown-plates of the flue tubes in 
these boilers being directly acted on by the furnace gases, 
attain a much higher temperature than the plates along the 
undersides, and the greater expansion of the crowns thus 
caused being resisted by the end-plates, leads to arching or 
bending of the flues in the direction of their length. This 
action varies with the temperature of the furnaces, and its 
effects at the end attachments depend to a considerable' 
extent on the manner in which the end-plates are stayed^ 
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either excess or insufficiency of rigidity having a like result, so 
far as grooving is concerned. Grooving is liable to occur at 
and about the narrow water spaces of internally fired boilers 
through inequality of temperature of the furnaces. It is 
^Iso found round the roots of the angle-irons or flanges by 
which the end-plates are attached to shells — more especially 
in unstayed, flat, or bulged ended boilers — owing to the 
bending movement set up by varying internal pressures. 
Explosions Nos. 6 and 148 in the Board of Trade Re|)orts 
illustrate how the grooving, to which such boilers are thus 
liable, may result in rupture and explosion. Grooving 
occurs at the lap edges of the circumferential seams of boilera 
set horizontally, owing to the difference of temperature 
between the upper and lower parts of shells ; it is also found 
running along the edges of the longitudinal lap joints, 
especially in small boilers when exposed to high pressures, 
the majority of the explosions of locomotive boilers reported 
to the Board of Trade being due to this cause. "Longitudinal" 
grooving, as this latter form of the defect is termed, is 
caused by the indirect straining that exists at the lap joints, 
owing to the tendency of the internal pressure to make the 
boiler assume a perfectly cylindrical form, and according to 
the variations of pressure so will grooving at the lap edges 
develope more or less rapidly ; the diameter of a boiler, the 
thickness of its plates, and the breadth of the laps have also 
an importc'int bearing in this respect. Under the most 
favourable conditions, however, experience has proved that 
.small boilers, such as those of locomotives and others exposed 
to high pressures, must be made perfectly cylindrical to 
escape this dangerous form of decay, which necessitates 
butt-jointing or welding at the longitudinal seams. 

There is often considerable difficulty in detecting internal 
grooving, particularly when it takes place in boilers fed 
with water of a non-corrosive nature. In such cases it 
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appears more like a fine fracture running along the edges 
of the laps, and it may reach to a dangerous depth without 
opening to any extent at the surface. When a defect of this 
nature is discovered, the plate should be drilled to ascertain 
its actual depth, and no opportunity should be allowed to 
pass without having it carefully examined ; it should also 
be remembered that as the section of the plate becomes 
reduced, the "wear and tear" of the material along the line 
of fracture will be proportionately increased. With feed- 
water of a corrosive nature, grooving extends rapidly, owing 
to the action of the acids on the strained surfaces exposed. 
Its appearance under such conditions differs considerably 
from that referred to, and is perhaps more correctly 
described as " channelling " or "furrowing." In this form 
the defect is easily detected, as it is commonly found from 
I inch to 1 inch in width ; careful examination, however, is 
necessary to determine the depth of the grooving along the 
lines most affected by the bending stresses, which, as already 
explained, run close to the edges of the laps and angle-irons, 
or round the roots of angle-irons and flanges. 

Internal grooving is induced by straining, through unequal 
expansion, or varying pressures ; and although improved 
construction has done much towards minimising this form 
of deterioration, it is only when good boilers are fairly 
worked and attended to, that it is found to be of little 
importance. The difference of expansion which exists more 
or less between the upper and lower parts of the internal 
flues and shells of Lancashire boilers, for instance, may be 
aggravated greatly by the deposits from the feed-water, and 
the bottom plates of externally fired boilers are frequently 
found fractured through the rivet holes of the ring seams 
by the same cause. Forced firing is also certain to increase 
the inequalities of temperature in all types of boilers, and, 
indeed, has been known to do so to such an extent as to 
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induce sudden fracture and explosion. In short, experience 
has shown that, although all boilers are more or less subject 
to internal corrosion and grooving, these defects are rarely 
a source of accident, except in boilers where deposits are 
allowed to accumulate and immoderate firing is resorted to, 
as a means of maintaining their evaporative power. Deposit, 
as has been shown, leads to waste of fuel, and is frequently 
the means of causing overheating, corrosion, and grooving ; 
it also prevents inspection, which alone can give a sense of 
security as to the safety of boilers. Corrosion and grooving 
have too often been hidden under a coating of incrustation 
until explosion occurred; and were it for no other reason 
than that of facilitating examination, the necessity of keeping 
boilers clean cannot be too strongly impressed upon all con- 
cerned. The means for effectually preventing the decay of 
boilers through internal corrosion are in many instances 
unobtainable, and all that can be done is to watch its 
progress carefully, and to have repairs executed or boilers 
replaced as found necessary in the interests of safety. 

(6.) External corrosion, although easily accounted for and 
prevented, is much more dangerous than internal corrosion, 
and from statistics it will be found that this form of decay 
has been the cause of more explosions than any other. 

Dampness and leakage are the chief promoters of external 
corrosion. The former of these may be due to the boilers 
affected .being in close proximity to a stream, or to their 
structure being such that the brickwork in which they are 
get is liable to be affected by rain or surface water. The 
under sides of boilers, particularly where in contact with 
the bearing walls, are the portions wliich corrode most 
rapidly under these influences, and as they cannot be seen 
unless the brickwork is removed, there is often considerable 
danger of con'osion going on undetected until the material 
is seriously impaired. This is particularly the case with 
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boilers seated od broad mid-feather walls, or with those 
having external flues which are too confined for inspec* 
tion. 

The setting of a boiler is of the utmost importance, not 
only in regard to corrosion, but also as a means of economis- 
, ing fuel and preventing the undue "wear and tear" of the 
plates from other causea This is a matter which has 
deservedly received the attention of the best authorities on 
the subject, and there can be no question as to the wisdom 
of giving effect to the following rules, which have been laid 
down for guidance in the setting of boilers: — 

(1.) In selecting a site for boilers, care should be taken 
to ascertain that it will not be exposed to dampness from 
.streams, drains, or surface moisture; but if, owing to the 
nature of the soil or to any other circumstance, such a 
situation is impracticable, the boiler setting should be built 
on a foundation of concrete sufiicient to prevent dampness 
from ascending into the brickwork ; precautions should also 
be taken by draining or otherwise to guard against water 
from hi^jher levels collectin<; at and about the foundations. 

(2.) The flues should be made large enough to admit 
of easy access to every part of the external surface of the 
boiler. They should also be arranged so as to give such a 
circulation of the gases from the furnaces as will tend to 
utilise their heat to the gi^eatest extent, and at the same 
.time reduce as much as possible the difference of tempera- 
ture between the top and the bottom of the boilers. 

(3.) The closing-in tiles of side flues should be placed 
^0 as to prevent the gases from traversing the plates above 
the water-line. 

(4.) The bearing walls should be coped with suitable 
flre-cla}'^ blocks for the boilers to rest upon ; but in cases 
where these blocks are not used, the upper portions of the 
bearing-wails should be reduced to a minimum breadth, and 
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as lime or mortar in contact with the plates causies rapid 
corrosion, fire-clay only should be used at these parts. 

Figs. 6, 7, and 8 are cross-sections of settings for plain 
C3'lindrical, Cornish, and multitubular boilei's, and they 
represent respectively the methods most likely to meet the 
requii'emeiits of cleaning and inspection, besides giving the 
best general results in other respects. It will be observed 
that the setting of plain c^'lindrical boilers (Fig. C) is that 
commonly known as the " flash flue." The side walls are 
closed in according to the third rule given above, thus leav- 
ing about one-half the surface of the boiler exposed to the 
furnace gases, which, after traversing this surface, are led 
direct to the chimney. The external flues of these boilers 
are sometimes airang^d for a "wheel draught," the gases 
being led along the bottom towards the back end, returning 
through one of the side flues to the front end, and thereafter 
by the opposite side-flue to the chimney. This plan, however, 
except with very short boilers, has few advocates, as any 
economy of fuel that may be derived from such a distribu- 
tion of the gases is more than covered by the increased cost 
of brickwork and cleaning. Externally-fired boilers are 
sometimes suspended from cross girders, as shown by Figs. 6 
and 9, and wherever this method has been adopted, it has 
been found to act very satisfactorily. The most ordinary 
way of supporting them, however, is by means of brackets 
attached at suitable distances along each side of the boiler. 
The plates to which these brackets are attached are liable to 
be strained by the movements of the boiler from alternate 
expansion and contraction, or by the unequal subsidence of 
the brickwork on which they rest, and many serious cases 
of fracture, and consequent corrosion, have occurred from 
these causes. Side brackets should always be soundly 
rivetted to the plates, as the somewhat too common practice 

of using bolts for this purpose almost invariably results in 
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leakage, and as they are usually covered by brickwork, 
corrosion of the plates and bolts may go on to a serious 
extent undetected. Stiffening plates should also be rivetted 
at water sides, as shown by Fig. 9, in order to strengthen 
the plates to which the brackets are attached. 

The mode of setting Lancashire or Cornish boilers, 
illustrated in cross-section by Fig. 7, and in detail on 
Frontispiece, although very generally adopted, is not 
always arranged to the best advantage. In some cases the 
gases on leaving the internal tubes are led into the side 
flues, and from thence along the bottom flue to the chimne}^ 
and there are many who contend that by such a distribution 
the heat is more effectively utilised ; but, however this may 
be, there can be no doubt that it tends to increase, rather 
than decrease, the difference of temperature between the upper 
and lower parts of the shell, and is thereby liable to cause 
straining and grooving at the ring seams. The side flues of 
boilers are sometimes so confined that the cleaning of them 
out is an operation of the greatest difficulty, and inspection 
without taking down the brickwork is impossible, the result 
being that leakage, corrosion, and other defects often escape 
detection until they become dangerous; moreover, it has 
been clearly proved that narrow flues are detrimental to 
economy of fuel. Contracted flues can in most cases be 
rendered accessible with very little alteration in the build- 
ing, for although the lateral space may be limited by 
adjoining walls, the flues can be deepened and enlarged in 
the manner indicated by Figs 10. and 11. 

Broad bearing-walls, like narrow flues, hide defects, 
and if there be any dampness through leakage or other- 
wise, it usually lodges about the seatings. Numerous 
instances might be given wherein boilers quite good 
in other respects were rendered dangerous owing to 
corrosion at these parts escaping detection. The greatest 
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width of bearing-wall, where in contact with the plates, 
should not exceed three-fourths of an inch per foot of boiler 
diameter, and to facilitate inspection it is advisable to have 
the blocks opposite the ring-seams so arranged that they 
may be readily removed at cleaning times. The cross bear- 
ing-walls at front ends are often built straight across regard- 
less of the blow-oft' pipe and its connections, and there is 
thus great danger of these being broken by the movement 
of the boiler through alternate expansion and contraction. 
The blow-off pipes and joints are also in some cases exposed 
to the action of the heated gases in the bottom flues, which 
has the eftect of baking into a solid mass any deposit that 
may be in the pipe, and consequently will prevent it from 
operating when required. By recessing the front cross walls 
round the blow-off* pipe, as shown on plan of setting {Fronlis- 
2nece) the pipe is left quite free to adapt itself to any move- 
ment of the boiler, and easy access being thus provided^^ 
leakage from the joints is readily detected and stopped 
before the plates or pipes become impaired by corrosion. 

The front end plates of Lancashire or Cornish boilers 
should always be kept a few inches above the level of floor- 
ing plates, and the shell angle iron should be arranged to 
project over the front bearing-walls so as to keep the 
rivetted seam clear of the brickwork. Attention to these 
points will prevent the corrosion so commonly found on the 
front end plates and angle irons of boilers w^hich are set, 
below the level of the floorkjg plates, and leakage from the. 
angle-iron seam, unless of a serious nature, can be stopped 
without incumng the trouble and expense of removing an 
amount of brickwork. Corrosion at and about the front 
end plates is frequently caused by the ashes from the 
furnaces being slaked on the foot-plate — ^a practice which, 
to say the least, is one that betokens an utter disregard for 
iihe appearance and durability of boilers, and cannot be too 
strictly forbidden. 
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The fire bridges in the furnaces of interoftlty-fired boiler* 
often cover rivetted seams, and considerable surfaces of tho 
plates at the under sides of furnace tubes, with the result that 
these parts are liable to be dangerously thinned by corrosion, 
unless the brickwork is removed periodically for examination. 
These bridges should not exceed 9 inches in width ; and, as 
in the case of bearing- walls and other parts in contact with 
the plates, fire-clay instead of lime should be used in their 
jconstruction. 

Cast or wrought-iron bearers are sometimes fitted in the 
furnaces of boilers for supporting the fire bridges, and this 
practice, inasmuch as it removes the liability to corrosion, is 
well worthy of being more generally adopted. 

The method of enclosing the upper plates shown on 
Pig. 7, whilst advantageous as a covering to prevent 
loss of heat by radiation, also permits of them being 
examined at cleaning times without inconvenience or 
expense, but the first cost of this arrangement is con- 
siderable, and is against its coming into general use. The 
necessity for baring the tops of boilers at intervals to 
ascertain the condition of the plates, is now very generally 
recognised, and in view of this the non-conducting covering 
•should be made light and suitable for removal. The heavy 
vbrickwork and flagging sometimes used for this purpose 
are low in non-conducting power as compared with other 
materials, and apart firom the trouble and expense of re- 
moving them when required, they are very liable to harbour 
moisture from leakage without showing any indications of 
its existence on their outer sur&ces. 

The various points in connection with the settings of 
l!)oilers referred to in the foregoing are all of more or less 
importance in regard to corrosion. It should, however, be 
remembered that although the situation of a boiler is free 
from dampness, and its setting arranged on the best prin- 
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ciples, it is still liable to be impaired by leakage or other 
defects, and that to prevent deterioration and aceidenfe 
careful periodical examination is absolutely necessary. 

Leakages of all kinds should be stopped with the leasfc 
possible delay, as^ however slight they may be, corrosion is 
sure to follow, and many of the most serious con'osions 
have been ti'aced to neglect of what are sometimes termed 
" simple leakages." The greatest attention should be given 
to leakage and corrosion at and about the longitudinal 
seams, inasmuch as they, to begin with, are the weakest 
parts of the structure, and are consequently less able to 
aiford any farther reduction of strength. These seams 
should always be arranged so as not to come in contact 
with the brickwork at any part, and they should be kept 
as much as possible from the direct action of the gases in 
the iluesw Serious corrosion is sometimes caused through 
the soot and ashes which collect in the flues being allowed 
to remain in contact with the plates after they are cold. 
For this reason, when it is intended to lay a boiler off for a 
length of time, the flues and plates should be thoroughly 
swept ; and as a prevention of internal corrosion, wb^i 
boilers are out of work, they should be filled quite full of 
water, into which a quantity of common soda has be^i 
dissolved. During the winter season, however, care is 
necessary to prevent injury by frost. 

IV. EXPLOSIONS CAUSED BY DEFECTIVE DESIGN 

AND CONSTRUCTION. 

The number of explosions accounted for by defects in 
design and construction, is very much in excess of whajb 
might be expected, considering what is known regarding 
the strength of materials, and the forms of construction beat 
adapted to secure safety and durability. 
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Unsupported flue tubes, unstreugthened man-holec^ 
defective staying, and weakness induced by malconstruc- 
tion, are the causes which have led up to the explosions 
referred to in the reports under this head, and it may be 
of interest to consider each of these shortly, 

(1.) UNSUPPORTED FLUE TUBES. 

Collapse of the furnace tubes of Cornish and Lancashire 
boilers is a very common source of accident, and is 
frequently attended with serious results. It may, as 
already explained, be due to the metal of the tube becom- 
ing weak through overheating, but it is also at times the 
result of structural weakness; it being no uncommon 
occurrence to find boilers working at pressures dangerously 
near the ultimate strength of their furnace tubes. The 
shells of these boilers may be found equal to a bursting 
pressure of 500 lbs. per square inch, whilst the furnace 
tubes would collapse at one-fifth of the same pressure. 
Such practice in boilerraaking, which has been compared 
to chains made up of five and one ton links alternately, is 
happily becoming rarer, and it is to be hoped that not only 
will it cease in the case of new boilers, but that all boilei-s 
presently in this condition will be replaced, or have the 
furnace tubes strengthened so as to make them safe. 

The effect of pressure exerted against the internal surface 
of a cylindrical vessel is to preserve its true form, and to 
restore any departure therefrom, such as may be due to 
malformation, &c.; but, on the other hand, when a cylinder 
like the furnace tube of a boiler is exposed to external 
pressure, the tendency of the pressure is not to restore, but 
to still further increase any deviation from a perfectly 
cylindrical form. This quality of the cylinder in reference 
to external pressure is of the utmost importance when it i» 
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considered that all furnace tubes, however skilfully mani-^ 
pulated, deviate more or less from the truly cylindrical 
form, and that they are subject to still greater deviations 
when under working conditions. In these circumstances^ 
it will be apparent that the strength of a flue to resist 
external pressure cannot be determined by the rules which 
would apply to a perfectly cylindrical vessel of uniforn> 
thickness and strength throughout, and that careful experi- 
ment, combined with the experience obtained from investi- 
gations of collapsed flues, are the only means whereby 
fairly reliable data can be obtained. 

The formula commonly used for this purpose, is that 
deduced from the experiments of Sir William Fairbaini^ 
and although these were somewhat limited, and made for 
the most part upon flues of much smaller dimensions than are 
now generally in use, the results of experience since they 
were made go to show that this formula is sufliciently 
reliable, if due regard be given to the quality of material 
and workmanship. There are various other formulae for 
computing the collapsing pressure of long flue tubes, and 
whilst several of these have had the benefit of more 
complete investigation, as well as later experience, there ara 
none simpler or more in accord with actual results than 
that of Fairbairn's. According to this formula, which i» 
given on page 49, the strength of a flue tube to resist 
collapse varies directly as the 219 power of the thickness, 
of the plate, and inversely as its diameter and length. In- 
applying this rule, it will of course be understood that the 
material and workmanship are of good quality, and that the» 
flues are as nearly circular as can be made with lap joints. 

By butt-jointing or welding the longitudinal joints of flues- 
they can be made more nearly cylindrical, and consequently 
stronger than when lap-jointed. 

As stated elsewhere, there are instances to be met with 
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%vhereiti the flue tubes of certain boilera have worked with* 
out accident for. years, although, aecocdiug to Fairbain^'^ 
formula, the pressure they dsiily sustain is dangerously 
near that at which they would collapse, and the margin of 
safety is considerably below what general experience haS; 
fihown to be safe. The Board of Trade Eeports, apd other 
records of boiler accidents, furnish many examples in proof 
of the necessity that exists for so constructing flue tubes as to. 
insure a large margin of safety against collapse; and although, 
instances are met with wherein small margins have sufficed, 
for years, it only goes to show that these boilers have been 
well cared for, and have hitherto been exceptionally free 
from such shocks in working as the majority of boilers are 
oxposed to. 

Figs. 12, 13, 14, 17, and 18 are illustrations of the various 
methods adopted ibr increasing the strength of flue tubes. 

Fig. 12 represents what is known as the "Adamson's 
flanged seam," and is a form of jointing largely used for the 
flues of high-class boilers. This joint imparts great resis- 
tance to collapse, and, as will be seen, there are no rivet 
heads, plate edges, or double thicknesses of plate exposed to 
the direct action of the furnace gases. 

Fig. 13 represents the solid flanged anti-collapsing hoop as 
now made of steel from yV ii^ch to f inch in thickness. 
These hoops have been found to act very satisfactorily in 
the matter of strengthening flue tubes, and although the 
opinions sometimes expressed regarding the elasticity they. 
impart may be exaggerated, there can be no doubt that they 
are serviceable in relieving the straining at the ring seaiQS 
•consequent upon the arching of the flues through unequal 
expansion. Like the ordinary lap joint, these hoops have 
the disadvantage of entailing a double thickness of plate; but 
this has not proved a serious objection, or prevented tfaeui 
ftom being extensively Ui^ed. 
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Fig. 14 represents a flue having the rings of plating 
united by J. iron hoops, which is a form of jointing that 
has given place to the more improved methods already 
described. 

Fig. 17 is an illustration of the means employed for 
strengthening flue tubes which have originally been con- 
structed of a series of plain rings of plating with ordinary 
lap joints. 

It wilt be seen that the method referred to consists of 
angle-iron rings which are put on in halves, the ends being 
closely butted together, and secured at the joints by double 
straps, having two rivets at each side of the joints. These 
rings are made from 2 inches to 2 J inches larger in diameter 
than the flue tubes to which they are attached, so as to avoid 
a double thickness of plate. The rivets securing them should 
be spaced about 6 inches apart, and the holes in the ferrules 
should be made to fit the rivets as exactly as possible. An 
objection frequently urged against this method of strength- 
ening the flues of old boilers, is the difiiculty of pre- 
venting deposits from collecting in the water spaces, and 
thereby causing overheating and probable fracture of the 
plates, but except where '* Galloway *' tubes can be inserted 
advantageously there is no other remedy for weak flues, and 
in any case it is certainly more judicious to fit these rings, 
and take precautions for keeping the water spaces clean, 
than to risk total collapse without them. 

In single-flued boilers the distance between the bottom 
of the flue and the shell is sometimes too confined to admit 
of angle-iron rings having the usual water spaces between 
them and the plates; but when this occurs the rings may be 
rivetted close to tJie bottom of the flue, provided the boilers 
are fired in the ordinary manner. In the case of boilers 
fired by gas a clear space all round the stre:ngthening ring 
ie^ necessary to prevent overheating, the bottom of the flue 
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in such boilers being much hotter than those fired in the 
usual W€i>y by hand. 

Figs. 19, 20, and 21 are modern designs of flue tubes 
whidh are deserving of favourable consideration. One of 
the special featui-es of each, like those already referred to, is- 
that the mode of jointing the rings of plating together, im- 
parts considerable strength in tbe direction of dollapse, and 
so far as can be judged from the time they have been at 
work, they are entitled to the claims of durability and effi- 
ciency made by the respective inventors. 

Fig. 18 is a cross and longitudinal section of aftiethod for 
strengthening flues which is now very rarely adopted, its. 
feilure to prevent collapse having been frequently ex- 
perienced. A series of rings like that shown is simply 
shrunk on to the flue, and it was assumed that^s these ringa 
would prevent distortion, collapse could not occur. In the 
case of a truly circular flue-tube built of metal, having & 
uniform thickness and strength, this reasoning might apply 
to a certain extent, but such perfection is impracticable, and 
even were it otherwise, the equilibrium would be destroyed 
under working conditions, and in the event of ^ overheating- 
or corix)sion occurring, these unattached rings wduld be of no- 
service in limiting the damage that would result from 
collapse. 

Figs. 15 and 16 are respectively a longitudinal section andl 
an elevation of a corrugated ring, such as is now extensively 
used in forming the furnace tubes of marine and land 
boilers. Flues made up of corrugated rings are much 
stronger in the quality of resisting collapse ttian any of the 
others, and from the experience of a number of instances,, 
it is evident that they are less liable to rupturein the event 
of serious overheating through shortness of wa*er. Objec- 
tion has been taken to corrugated flues for IfiOid boilers on 
the ground that they do not sup|)Ort the fi)^t and back end 
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^Mm i)i ihe sa&ie^fective naaoner as tii^se made <«{) of 
plain rings. Tfeeir appearance is, perliaps, snggestite of settle 
sdeh dbje^tion, but the rei^Its of a series of tests by the^ 
fiaakei^/ wd the absence of any indications of weakness in 
a number -of boilers eiattiiued, go to show tbat o&rmgated 
fines are not inferior in this respect to dtber fdrfiis of good 
construction, a'nd that they are quite reliable as eTKi-plat& 
stays up to the highest pressures at present em|^oyed. 

In calculating the strength of a flue tube which is fitted 
with strengtbeniBg rings, the greatest distance betWe^^any 
of these represents L in the formula, or, what is t^e same 
thing, the portion of flue between any of the strengthening 
rings, or between the end plates and nearest rings, is treated 
as if it were a separate flue effectively supported at its ends. 
For esrample, the collapsing pressure of a fl»e ttfbe, SO feet 
long by 3 feet in diameter, andf inch thick, is-87 lbs. per 
square inch ; but if such a flue be fitted with a substantial 
strengthmirng ring at the centre, it is then treated in the 
ealciflation as if its length (L) were 15 feet, a^d Is conse- 
quently found to have double the strength, the collapfeing 
pressure being 174 lbs. In the same way, if two ritigs be 
equally distributed over the length of the tube the greatest 
^s^iance, ^r L in the formula, would be 10 feet, ^aiid thet 
odllapsing pressure Would be increased ^K^oc^i^ngty. 

It may be argued from what has been said that fl«e tube» 
-oemstructed throughout of Adamson's flanged rings, or fitted 
at each joint with solid flanged hoops, are ut>necessarily 
-strong, and out of proportion to other paints of the boilens. 
to which they belong. There is no doubt that in many 
instances this is really the case. It is,' -however, well to> 
bear in mind that boH^^^So constirticted Usually earty very 
'high pressures, and in the event of the flcie crown pllttes. 
beingbaredartid softened by overheatiiig, the strength im- 
parted Jby t^ese i joints would in all likelihood prevent 
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rupture and serious explosion, and, as a matter of fact, this 
is really what has been experienced in a number of cases. 

In addition to the various methods of strengthening flue 
tubes explained, the " Galloway " cross tube (which is now 
so generally in use) is a material aid in the same direction. 
There is no doubt that the principal advantages of these 
tubes are increased heating-surface and improved circulation; 
and although it must be granted that as supports they are 
inferior to flanged seams or encircling hoops, they have 
frequently been found of the greatest service in limiting 
the damage and preventing explosion in cases where the 
flues had become softened through overheating from short- 
ness of water. In the absence, however, of reliable data to 
determine the collapsing pressure of flues strengthened by 
cross tubes only, the support obtained from these should not 
be relied on to any great extent ; and even in the case of 
flues which have been fitted with cross tubes to the best 
advantage, the calculated collapsing pressure should be at 
least three times the working pressure, or, in other WQj:ds, 
such flues should have a factor of safety of 3 against 
collapse, independently of any support afforded by the 
tubes. 

As already explained, the strength of a cylinder exposed 
to external pressure, such as a flue, varies directly as the 
2*19 power of the thickness of the plate; whereas the 
strength of a cylinder subjected to internal pressure, such 
.as a boiler shell, varies simply as the thickness of the 
plate. This will be readily understood by reference to 
the tables of collapsing and bursting pressures on pages 
50 and 93. It will be seen that the bursting pressure of 
^ shell, say 6 feet diameter, made up of |-inch plates, is 
exactly twice that of a shell of the same diameter made up 
of J-inch plates. In the case of a flue, however, exposed as 
it is to external pressure, reference to the table will show 
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that an alteration of the thickness of the plates affects its 
strength in a much greater degree. Thus, a tubo 28 feet 
long by 33 inches diameter, made up of plates J inch 
thick, has an ultimate strength to resist collapse equal to 
190 lbs. per square inch ; whereas a flue of similar length 
and diameter, made up of J-inch plates, would collapse 
under a pressure of 42 lbs. per square inch. It will thus 
be seen that in the event of a boiler shell being reduced 
by corrosion to one-half its original thickness, its strength 
to resist rupture is only reduced to the same extent; 
whereas a flue under similar conditions would have its 
ultimate resistance to collapse reduced by four and a half 
times— thus, 28 x 33 = 924 = 42 lbs. 

The great loss of strength that may be caused by corro- 
sion, combined with varying conditions of temperature, &c., 
to which the plates of flues are exposed even in ordinary 
working, renders an ample margin of safety necessary, and 
in no case is it judicious to have plain flues sustaining 
pressures exceeding one-fourth of their calculated strength. 
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Fairbairn's rule is, P = 806300 x 4-^^. Where 

L X D 

P = collapsing pressure in lbs. per square inch, 
D = dia. of flue in inches, L = length of flue in feet^ 
and t = thickness of plate in inches. 

TABLE OF 219 POWERS FROM i INCH TO i INCH. 
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Example. — ^Find the collapsing pressure ofa flue 33 inches 
diameter, 28 feet long, and | inch thickness of plates. 

The value of | inch raised to the 2-19 power is 116715 
i^ee Table, p. 49). 

•116715 
Then 806300 x ^ — ^^ = 101 = the collapsing pressure 

in lbs. per squ ire inch. 



(2.) XJNSTRENGTHENED MAN-HOLES. 

The primary ruptures of not a few explosions have been 
traced to fractures at the unstrengthened edges of man-hole 
openings, and apart from such serious results, numerous 
cases of expensive stoppages and repairs could be quoted as 
having been due to the same cause. Whilst such experience 
points to the necessity of making adequate compensation 
for the plate section removed for man-holes, it has not been 
so generally acted on as could be desired, there being still a 
considerable number of boilers, the man-holes of which ara 
not fitted with suitable strengthening rings. 

Man-hole openings are most commonly elliptical, this: 
form being well adapted for the purpose, and at the same 
time requiring less of the material to be cut away than 
that of any other practicable form. These openings in 
land boilers are most frequently arranged with the greater 
diameter running longitudinally, whereas, if maintaining the 
strength of the shell were the only consideration, they 
should be cut with the greater diameter running circum- 
ferentially. The reasons usually assigned for this departure 
from sound constructive principles are, that openings thus 
arranged are more convenient for ingress and egress in the 
usual types of boilers, and that the joints are more easily 
kept in order — this, of course, refers to cas^ where the man- 
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hole doors are cambered and jointed directly to the boiler 
plates. It is sometimes argued, tliat as the strength of the 
material left after the man-hole is cut out is equal to, or 
greater than, that of the section of the solid plate at the 
longitudinal joints, there is no need for compensating rings 
or frames ; but, whilst this may apply in some instances, 
there are many where, owing to narrow plates, or to the 
position of the openings, the plate section remaining is so 
limited as to reduce the ultimate strength of the boilers to 
a dangerous extent. Apart altogether, however, from the 
weakness thus caused, it should be borne in mind that the 
unsupported edges in addition to the straining due to 
internal pressure, are also subjected to serious stress by the 
frequent breaking and renewing of the man-hole joints. 
The most careful and gradual tightening of the jointing 
cannot prevent more or less unequal straining round the 
plate edge, and when the operation is performed by careless 
or unskilful hands, the stresses on certain portions must 
frequently be greatly in excess of that due to the steam 
pressure. There is also the likelihood, if not probability, of 
the plate being further reduced by con-osion through 

Jeakage from the joint. 

Man-hole openings may be effectively compensated for 

] by rivetting round their edges wrought-iron or steel rings 
of such dimensions as will make them equal to the plate 
section cut away. These rings and man-hole lids should be 
of substantial make, and if rivetted, as shown by Figs. 22 
and 23, the joints with ordinary attention can be made 
quite tight and durable. In making the man-hole joints — 
as with all joints — care should be taken to ascertain that 
the surfaces are clean, and the jointing used free from 
grit or other matter likely to prevent its being uniformly 
tightened. When leakage does occur, it may be put down 
jx) some distortion of the plate, or to portions of the jointing 



UKSTRENGTHENED MAN-HOLES. 



5» 



giving way, and in either case the " screwing up " usually 
resorted to is more likely to increase the evil than to act as 
a remedy, and there is considerable danger of the plato 



being fractured. 
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Man-hole frames of various sections, and made as required 
of cast-iron, cast-steel, or wrought-irou, are now very 
commonly applied to land boilers, and unless in those of 
small diameter, or in types where they would hamper 
ingress and egress, they should always be fitted in prefer- 
ence to the ordinary stiffening rings already described. 
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(3.) DBFECllVE STAYING. 

In staying the flat surfaces of boilers it is usual, in good 
.^practice, to make the stay section equal to a load five or six 
-times in excess of that to which the boilers are subjected, 
the strength due to the thickness of the plates, and the 
support afforded by the attachments at their edge^, being 
left out of consideration. 

The actual resistance which a flat plate offers to pressure is 
difficult to determine by calculation, but by experiment it is 
known that the ends of Lancashire or Cornish boiler^ and 
other platea under like conditions — unless supported by 
45tays — would require to be of excessive thicknjBss to 
prevent buckling at even the most moderate pressures in 
-daily use. 

Dished or cambered plates, such as those used at times to 
form the ends of plain cylindrical boilers or the crown plates 
of vertical boilers, are better designed to resist the tendency 
to buckling, all the more so the nearer they approach the 
hemispherical form ; but even with these, except when of 
small area, and exposed to moderate pressures, stays are 
found to be necessary. 

Flat and partially rounded surfaces should therefore be 
avoided as much as possible in the construction of boilers, 
for although they can be made of equal strength to the 
oylindrical and spherical parts (usually termed self-sup- 
porting) the stays required to effect this are liable to impede 
cireulatioQ or collect deposit, and in most cases they are 
an inconvenience to cleaning and repairing. 

The simplest form of boiler — viz., the plain cylindrical 
with hemispherical ends — may be considered as the type 
i?ehich of all others is best designed to render the application 
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of stays unnecessary;* but the limited heat -absorbing 
surface of this boiler, combined with the necessity for 
economising fuel and space, has led to the more general 
adoption of other types better calculated to attain rapid 
generation of steam with economy. It must be granted, 
however, that, these advantages are secured at a sacrifice of 
simplicity in construction, and with the result that, in the 
insgority of boilers, there are certain parts more or lesi? of 
weak form which require to be supported with suitable stays. 
Amongst these the Lancashire Multitubular and Locoinotive 
are the types most generally in use, and the methods of stay- 
ing the flat surfaces rendered necessary is well woiiihy of 
consideration. 

(a.) Lancashire and GonuBh Boilers. — The greater portion of 
the end plates of these boilers are eflcctively supported by the 
internal flue tubes, and it only remains that the parts above 
and below these tubes should be stayed^ so as to make the 
ends of proportionate strength to that of the boilers in other 
respects. The forms of staying employed for this purpose 
are gusset plates, longitudinal, and diagonal bar stays, and 
of these the gusset-plate stay is most commonly applied. 
Longitudinal bar stays to be reliable must be fitted with the 
utmost care, particularly in boilers of maximum length. 
If screwed up tightly, they prevent the end plates from 
springing to accommodate the expansion of furnace tubes, 
and. in such cases deterioration by leakage and grooving is 
certain to occur. The diflBculty of determining the length 
of the longitudinal stays, so as to allow for the expansion of 
the flues, and the inconvenience which they present to 
cleaning and repairing, are the principal objections to th^r 

* Thefe are cases where, under certain conditions of working, it is ad vis- 
ajble to have substantial stays extending between the ends of this type of 
lH>il^ but the re^ons for so doing are ontaldB o| tho present conpidera- 
ttoii of th^ snbj^ of stays. 
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use. For high-pressure Lancashire boilers they are fre- 
quently used in combination with gusset stays, but in good 
practice they are, as a rule, applied to act more as a '* stand 
by,'* — to take their share of the strain in the eveat of any 
of the other stays failing. Longitudinal stays in all cases 
should be secured at the ends by substantial nuts and 
washers, both internally and externally, and except in very 
fihort boilers they should be supported by suitable rods or 
brackets Hvetted to top of shell. Diagonal bar stays are 
inferior to gusset-plate stays, inasmuch as they do not 
4Bupport the ends in the same uniform manner, and are not so 
well adapted to resist the upsetting action due to the 
indirectness of the strain. Figs. 24, 25, 26, and 27 are 
illustrations of the ends of a Lancashire boiler fitted with 
gusset-plate stays suitable for a working pressure of 80 lbs. 
per square inch, and Fig. 28 represents the area supported 
by each stay. It will be seen that three of the stays are 
carried back to the second ring of shell plates, which adds 
considerably to their eflSciency without interfering with 
accessibility to any great extent. The portion of the end 
plates above the flues requiring to be stayed is (as is usual) 
about one-third of the total surface, and the shell being 7 
feet 6 inches diameter, there is thus aii area of 2,120 square 
inches over which the stays have to be distributed. The 
«trength due to the plates and their edge attachments is left 
out of consideration, and the stay section in this case has 
been made ample for the pressure to which the segment of 
the plates above the flue is exposed. The actual load on the 
plate is found by multiplying the pressure in pounds per 
4Bquare inch by the number of square inches in the area — ^viz., 
80 X 2,120=169,600 lbs.; and as the strains to which stays are 
exposed should not exceed 5,000 lbs. per square inch of 
sectional area for iron, and 7,000 lbs. for steel, the total 
sectional area i^equired by these stays is; Ibund by dividing 
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169,600 by 5,000 and 7,000 for iron and steel, wLicU gives 34 
and 24 square inches reap&otively. It will of course be 
understood that the i ivet section at eaoji epd of the. stay is 
greater tlian the gusset plates section at their meanest parts, 
marked N on Fig. 24. 

In the illustrations the proportions are made out for 
steal, the thlcbness of the gusset plates being ^V inch. 
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Areas for each Stay — 

Stay A supports an area of 528 square inches. 
Stays 6 ,, each an area of 445 
„ O ^ „ „ 350 

A X P 
Pressure per square inch of stay section = jt — r> where 

A = area to be supported, P = pressure, D = depth of stay 
at weakest part, and t = thickness of stay plate. Then 

,-^j — J- =6,332 lbs. per sq. in. of stay A plate section, 



445 X 80 ^^.^ . ^ 

-——^rzz 6,260 „ „ stays B 

lO X TTT 



» 



and 



350x80 _ 

JQ^ 7 — 0,*UU „ „ „ Kj 



TIT 



if 



Total area supported by gusset stays above the internal 
tubes is 528 + (445 x 2)+ (350 x 2) = 2,118 square inches, 

which is w^^, or nearly J of the whole area of end plate. 

Total sectional area of stays — ^A, 15*25 x*4375= 667 

B, 13 x2x •4375=11-37 

C, 10x2x-437o= 8-75 



26-7» 



As will be seen from the foregoing, the proportions of 
these stays are ample, the greatest strain being considerably 
under the allowable stress of 7,000 lbs. per square inch of 
section at the weakest parts. It may be argued that the 
outer stays, C, cannot support effectively the irregular area 
shown on the diagram, but the portions of the plate which 
might be considered outside the influence of these stays, 
are well supported by the shell and flue attachments, and 
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are stiflTened by the feed- and scum-pipe blocks which are 
usually rivetted at these parts. The gusset stays below the 
flues are proportioned somewhat similarly to the others ; but 
owing to the man-hole opening, those at the front end cannot 
be placed so advantageously as at the back end. The plate, 
however, is stiffened by the compensating frame round the 
edge of the man-hole, and there being no necessity for a breath- 
ing space at bottom, such as there is at the upper sides, the 
angle irons can be carried much nearer the flues, and by 
this means the gusset plates can be made of suflicient depth. 
Gusset stays are often very imperfectly applied, the angle- 
irons connecting them to shell and ends being slovenly 
fitted with bolts, and frequently set so as to leave more or 
less of an open space when the plates are inserted between 
them; the plates may also be found warped and bent into 
various forms owing to the stays not being arranged radially ; 
and in addition to such defects in design and workmanship, 
instances are not wanting where the strength of stays, even 
if adequately fitted, is considerably under what is required, 
the result being that the attachments to shell and flues 
groove rapidly by the excessive springing of the plates. 
Grooving will also be caused by too rigid staying, such as 
occurs when the gusset angle-irons on the end plates are 
brought down close to the flue attachments. Referring to 
Figs. 25 and 26, it will be seen that there is a distance of 
9 inches between the bottom rivets of the gusset stays, and 
the rivets at upper sides of furnace angle-irons. This space 
(commonly termed the "breathing space") admits of the 
plates springing to a moderate extent, and thereby prevents 
undue straining, such as is liable to occur through the 
greater expansion of the furnace tubes over that of the shell. 
With boilers carrying moderate pressures, the ordinary 
practice is to fit the gusset plates into the angle-irons after 
the end plates have been rivetted up — this method being 
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ihore convenient^ and the breadth of the gusset plates being 
dQch that they can be passed tlirongh the iaaii->hole8. With 
Lancashire boilers, however, as now commonly construoted 
for working pressures from 60 to 90 lbs. per square inch^ 
the gusset plsttes required are too deep to pass tbroug:h the 
man-hole openings, and it is therefore necessary that they 
should be fitted to the shell angles before the end plates 
are put on. The extra work this entails is trifling, com* 
pared with the greater efficiency of the stays, yet new 
boilers of maximum size and intended for high pressures 
may occasionally be seen in which the gusset stays do not 
exceed 15 inches at their greatest depth, although the angle- 
irons by which they are united to the end plates may have 
a depth of 30 inches or more. 

When diagonal bar stays are used, the sectional area 
should be proportionally greater than that of horizontal or 
direct stays, the rule for determining this being as follows: — 

"Having found the area re- 
quired for a direct stay, mul- 
tiply the same by the length of 
the diagonal stay, and divide 
the product by the length of a 
line drawn at right angles to 
the surface supported to the 
end of the diagonal stay, and 
the quotient will be the area 
increased to what is required." 
Referring to Fig. 29, if the 
horizontal distance, A, is equal 
to 30 inches, and the diagonal 
stay, B, has a length of 36 
inches, the additional area required by the latter in exeess 
of a direct stay may be found by reducing proportionately 
the stress limit of the material thus— /o?' iron, as 36 inches 
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ilB'tto 80 inclies, so is 5,000 lbs. to 4,166 lbs. per sqiwite inch 
of section ; ftnd for steel, 86 inches : 80 inches : : 7,600 lbs. 
: 5^888 IbiSL per squiare inch section. For diagonal stays,. 
then of the length given the calculation would be the same 
as for direct stays, except that the stress limit or constant 
would be 'fedticed as explained. 

(6.) The Breeches-Fined Boiler. — This boiler, in. so far as the 
constructidn of the shell and end plates is concerned, is 
similar to those of the Lancashire type ; it differs, howevett 
in the arrangement of the internal flues; by the forma- 
tion of these additional flat surfaces are introduced, which, 
like the end plates, require to be supported by suitable 
stays. Figs, 30, 31, and 32 are illustrations of the furnaces 
and flue, from which it will be seen that the two furnaces 
only extend for a short distance, and that at their extremities 
they are connected with a single flue tulDC. The principal 
object of this arrangement was the prevention of smoke,, 
which it \\^as claimed would be secured by alternate firing 
of the furnaces. 

The connection between the two furnaces and the single 
flue, commonly called the "Breech" or combustion chamber, is 
necessarily of weak form ; for, whilst the sides are circular, 
the top and bottom plates (as shown by cross-section. Fig. 32) 
are nearly flat, and, to prevent undue deflection or collapse, 
require to be stayed. ± or L iron barff have been used to 
stiffen these plates, and there are still a few old boilers of 
this type, the combustion chambers of which have no other 
provision. As high steam pressures became more common, 
however, the numerous collapses that occurred made it 
apparent that something more than mere stiffening of the 
combustion chamber plates was required, and to this end 
• stays of various section's were fitted between the fiat 'sur- 
faces of combustion chamber and the top and bottom shell 
plates. This method of staying, although fiiirly successful 
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in preveoting collnpse, has the disadvantage of impeding 
the expansion of the furnaces and flue, and thereby induces 
local straining more or less severe, which renders frequent 




repaii^ necessary. In boilers of modern construction, tho 
objections referred to arc got over by fitting substantial 
water tubes between the top and bottom plates of the com- 
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bustion chamber. These tubes not only act as effective 
supports, but add materially to the heating surface and 
circulating power of the boiler. 

The Galloway Fine, which throughout its entire length has 
a cross-section somewhat similar to that of the combustion 
chamber (Fig. 32), is also supported by a series of water 
tubes, commonly known as " Galloway's cross tubes." 

(c.) The Multitiibiilar Boiler. — The portions of the ends of 
these boilers above the tubes may be stayed by gussets, or 
other forms of stays, in the same manner as those of Lan- 
cashire type, the remainder of the flat surface being supported 
by the tubes and a number of longitudinal stays. In some 
cases the latter are dispensed with, the holding power of the 
tubes being considered sufficient to prevent deflection of the 
end plates, and there are doubtless many instances of boilers 
being worked successfully with no other provision. The 
method of securing the tubes to the end plates, however, 
must always leave considerable doubt as to the actual strain 
-which they would sustain without yielding ; and it should be 
remembered that whatever their efficiency in this respect, it 
will be reduced by the temperature straining to which they 
are exposed under working conditions. There are few parts 
in boiler construction that depend more on the qualifications 
of the workman than that under consideration. The 
manipulation of the tube-expander and widening drift is 
of the greatest importance, and should only be entrusted to 
thoroughly experienced mechanics. Should the tube ends 
be insufficiently expanded, they will not only be liable to 
leakage, but their holding power will be proportionately 
reduced. On the other hand, if the expanding of the tube 
is carried to excess, the metal will be more or less destroyed, 
and with such work there is a likelihood of the bridges or 
' spaces between the tube-holes being fractured. The test of 

.actual work, as already stated, has shown that tubes may h^ 

5 
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fitted in such a mitnner as to render further staying of tb6 tube 
plates unnecessary. Experiment has also proved that the 
stress required to draw a well-fitted tube is greatly in excess 
of that to which it would be subjected under an ordinary 
steam pressure. At the same time^ instances are not want- 
ing wherein the tubes of themselves were found insufficient 
to support the end plates ; and, having re^rd to the chances 
of imperfect workmanship and the likelihood of tubes being 
unduly strained by forced firing and impurities in the feed- 
water, &c., fee, it is, to say the least of it, a wise precaution 
to support the tube plates by several independent stays. 
Longitudinal bar stays are frequently used for this purpose, 
but owing to the difference of expansion between these and 
the tubes (particularly when the fires are first kindled), they 
are very liable to cause straining ; for, whilst the tubes are 
exposed to the direct heat of the furnaces, and are conse- 
quently at a considerable temperature, the stays are com- 
paratively cool. This disadvantage is most felt in the case 
of short boilers, and is often the cause of serious leakage at 
the tube ends. Bar stays also reduce slightly the available 
tube area, and for these reasons the end plates of multi- 
tubular boilers are now more commonly supported by means of 
stay tubes. These tubes are made considerably thicker than 
the others, and, instead of being expanded, are screwed into 
the plates and secured by nuts inside and outside. As may 
be gathered from what has been said, there is no hard and 
fast rule to determine the number of independent stays that 
should be fitted; but in good practice it is customary to 
arrange the number and strength of the stays, so that, 
if required to carry the total load due to the pressure on the 
platis, they would not be subjected to a strain greatly in 
excess of stays under ordinary conditions. 

fig. 33 represents the end of a multitubular boiler 
6 feet in diameter, the upper half of which, as already 



DEFECTIVE STATING. 



6? 



ez|dained, may be supported by gttsset plates or other fonns 
of stays. In the lower half there are 56 tubes of 4 incbcs 
diameter, five of these are steel stay tubes, and their com*- 
bined strength is such, that if subjected to the total load 




on the tube plate sorfcrce, the stress would not exceed 
1 0,000 lbs. per square iiich of section. The surface of the 
plate to be supported is equal to one-half of its total ara% 
minus that taken up by the tubes, thus— 

Area of half of end plate 6' dia. = 4071-6 -?- 2 = 2036T sq. in^ 
4" dia. tube 12-56 sq. in., 56 tubes, = 703-3 



w 



P9 



lowerhalf ofendj^te exposed topre8.,e= 1S82*4 
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With a steam pressure of 80 lbs. per square inch the total 
load would be 1332*4x80 = 106,592 lbs., which, when 
divided by 10,000 Iba, shows that the stay tubes require to 
have a total sectional area of 10*66 square inches. The 
external diaroeter of the stay tubes, measured at the bottom 
of the screw threads at small ends, is taken at 3| inches, and 
the internal diameter at SJ inches. The number of square 
inches contained in the annular section is found by sub- 
tractins: the area of the internal diameter from the area of 
external diameter; thus, 11 '79 — 9*62= 217 square inches; 
and as the stay area required was found to be 10G6 square 
inches, it will be seen that five stay tubes of the dimensions 
given are sufficient to provide a good margin of safety, 
independent of the staying properties of the other tubes. 

When longitudinal bar stays are employed, the number 
And strength are determined in the same manner, and the 

rule may be expressed thus, — p — , where A is the total 

sectional area in square inches, C the limit of strain per 
square inch of section, and P the pressure in lbs. per square 
inch. The diameter of the stays can be varied to make 
the number such as will give a suitable distribution over 
the surfaces to be supported. 

{d) The Locomotive Boiler. — The tube plates of locomotive 
boilers are also, as a rule, strengthened by longitudinal stays, 
these being even more necessaiy in this boiler owing to the 
thinness of the tubes, and to the rapid deterioration of their 
ends, consequent upon the high temperatures to which they 
are exposed. In a number of instances, steel has been used 
successfully as a material for locomotive tubes, and there is 
A likelihood of its ultimately replacing brass for this purpose ; 
at present, however, the majority of makers still use the 
latter material. The tubes, besides being expanded into the 
plates in the ordinary manner, are usually fitted with steel 
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or iron ferrules — particularly at the firebox ends — which 
-add materially to the strength and durability of the joint. 
Figs. 34 and 35 illustrate the method of staying the flat 
sides of the firebox and casing. The stays — commonly 
termed water-space stays — are screwed through both phites, 
»nd are rivetted over at their ends; the body of the stays in 
the water space being in some cases turned down to the 
jbottom of the screw threads, as shown, which renders them 
less liable to fracture. These stays are sometimes made of 
iron or steel, but more frequently of copper, this material 
. being less susceptible to the action of corrosive acids, and 
.generally more durable. Copper stays were also pix3f erred 
on account of their suitability for rivetting-over cold, but 
4)hey are not superior in this respect to rivet steel as now 
manufactured. 

In arranging the pitch and diameter of such stays, the 
strength of the plates is not taken into consideration, and, 
as explained elsewhere, the practice is to- make the staj^^s 
strong enough to sustain the total load due to the pressure, 
and to allow for the required margin of safety. The 
diameters of the stays vary from f inch to 1 inch when 
new, or usually about twice the thickness of the plates. 
The stays are pitched equally over the entire surface, and 
iit follows that each is subjected to a strain equal to the 
iSquare of the pitch multiplied by the pressure in pounds 
j)er square inch. 

The safe stress per square inch of section in this case is 
the same as in others refei'red to when iron or steel stays 
.are used — ^viz., 5,000 and 7,000 lbs. respectively ; but when 
xof copper, the working strain should not exceed 4,000 lbs. 
jper square inch of net section. 

In the illustrations. Figs. 34 and 35, the stays are pro- 
portioned for copper, the pitch being 4 inphes. The 
diameter over the threads is J inch, and allowing ^ of an 
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iqj(iii f or serew, the body of the stay at the bottom of tbe 
sexew threadis will have a diameter of f of an inch, which 
gi^es a sectional area of '44 square iiieh. The strain 
that each stay sustains is found by multiplying 'p^ by P. 
Where 'p = pitch of stays in inches, and P »« working 
pv^saure in Ibsu per square inch, thus — ^let p =;; 4 and 
P = 110. ttjen 4 X 4 X 110 = 1,760 lbs. 

The safe load for each stay is found by multiplying A 
(1^ ^lectional area) by S (the safe stress) per square inch of 
section, which, as explained, should not exceed 4,000 lbs. for 
copper stays; thus, '44 X 4,000 = 1,760 lbs., from which it 
will be seen that a firebox stayed according to Figs. 34 and 
35 meets the requirements. 

The following formulse show how the proportions of the 
stays may be determined, the values of A, S, j:>, and P 
being taken as in the foregoing example : — 

• . . »^ X P . 4x4x110 AA ' A- 1 

(1.) ^— ^ — = A, 27)00 ~ *** ^' ^'^•' sectional 

area of stay. 

,^, /SxX / 4000 X -44 ,. , -x u * * 
(20y — p— = i?;^ Y\s^ = 4 mches pitch of stay. 

' ^. A X S ^ -44 X 4000 ^-^,, , . ^ 

(8.) _-2- = P, 4^^-^ = 110 Iba working pres. 

..With stays of iron or steel the proportions would of 
course be modified according to the safe stress per square 
inch of section for each of these materials— viz., 5,000 aud 
7,000 lbs. respectively. 

In addition to the tensile stress due to the pressure OQ 
tlie surface of the plates, these stays are exposed to strains 
from the unequal expansion of the outer and ini^^r plates, 
and as a result of these they soiQetim<es bre^k right ^ross, 
this being all the more liable to occur if the material h^ 
been hardened or otherwise impaired by the use of bhimt 
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dies in the process of screwing. The portions of the stays 
in the water space are frequently found seriously reduced 
by corrosion and deterioration due to temperature straining. 
The rivetted ends at furnace sides are liable to be impaired 
by the action of the fire, and the bulging of the plates 
which occurs at the stay ends thus affected, tends to widen 
the holes and cause the plate to slip over, or to strip the 
screw threads Deposit to any extent in the water spaces 
also affects seriously the holding power of the stays, and 
with the high temperatures usually maintained in locomo- 
tive furnaces, there is considerable danger of the plates 
being ruptured, unless the water spaces (which under the 
most favourable conditions are necessarily confined) are 
kept free from accumulation of deposit. 

The causes tending to deteriorate the efficiency of firebox 
stays, as will be apparent, are various, and as their position 
*is such as to render them quite inaccessible to examination, 
the most careful attention should be given to the working 
of these boilers. 

The comparative immunity from locomotive boiler acci- 
dents on the main lines of this country, speaks volumes for 
the quality of the workmanship and the care that is exer- 
cised in keeping them in good order; but amongst those 
known as contractors' locomotives, and those in use at 
collieries and iron works, &c., the record is far from being 
so favourable, and goes to show that stringent measures 
regarding the cleaning, inspecting, and repairing of such 
boilers will require to be enforced to prevent, or at least 
to reduce, the number of explosions and accidents. 

With a view to detecting fracturing of the firebox stays, 
small holes are sometimes drilled through the centre, a» 
shown at A, Fig. 34», the fracture being discovered by the 
leakage which will occur. Tapping the ends of the stays 
lightly with a hammer often leads to the detection of 
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unsoundness, but experience is necessary to make this 
method of testing successful. Buckling or warping of th& 
firebox plates should be carefully examined, and all 
leakages from stay ends should be promptly attended to. 

The importance of regular washing-out cannot be over- 
estimated, and when the feed-water is of a corrosive nature,, 
a few of the stays should be taken out from time to time, 
to ascertain their condition, which will also to some extent 
give an idea as to the progress of the corrosion at other 
inaccessible parts of the boiler. The same precaution 
should be observed with the tubes, and the whole of th& 
tubes should be taken out at intervals, regulated by circum* 
stances, to admit of thorough examinations being made. 

The crown plates of locomotive fireboxes are, as a rule,, 
supported by means of a series of iron or steel girders^ 
which are fitted and connected as shown by Figs. 36 and 37.. 
These figures represent each girder as consisting of a solid 
bar having holes suitably pitched for receiving the bolt 
stays, but they are frequently made up of two plates as* 
shown in cross section and plan, Figs. 38 and 39. la 
fitting girdei*s for this purpose, it is of the first importance 
that they should be arranged so as to transmit the load 
directly to the vertical plates ; the flanges which unite the 
roof of the firebox to these plates being kept as free as 
possible from all strains. Fractures at the roots of the- 
flanges to firebox crowns are by no means uncommon^, 
particularly in the smaller boilers of locomotive type; and 
although in some instances they may have been induced by 
rough usage in the process of flanging, they are quite as 
likely to be the result of badly designed or, badly fitted 
girder stays. The water spaces between the crown plate 
and bottom of girder should never be less than 1^ inch^ 
and when there is room it will be found advantageous to* 
make them considerably wider. When these spaces are 



J* 



•iTKAM BOILERS. 



DEFfiCliVE STATINO. 75 

^mped, they fill up rapidly with deposits from the feed- 
water, and being difficult to clean out, the cireulatioii is 
greatlj impeded, and overheating and fracturing of the 
plsites are very liable to occur. When the length of a firebox 
is considerably in excess of its width, girder istays, to avoid 
great depth, should be fitted in the dii'eetion of the width, 
the strength of the girder being inversely as its length. In 
ordinary practice, however, the difference between the 
length and breadth of a firebox is not great, and, as a rule, 
the girders are fitted so as to extend in a longitudinal 
direction. This arrangement, owing to the formation of the 
tront and back end plates, is better adapted for fitting the 
girders, and at the same time m<H*e suitable for the removal 
of incrustation from the crown plates. 

The total load due to the pressure per square inch on the 
surface of a crown plate is transmitted by the girders to 
those parts of the vertical plates on which they rest ; and 
in order to prevent the crushing strength of the material 
being s^dously affected, it is necessary that the extent of 
^e girder bearing-surface should be proportioned with due 
regard to the strength of the material and the load to be 
sustained. Instances of tube holes being distorted, and 
other indications of the crushing limit of the material of 
fireboxes hemg attained, are of frequent occurrence ; and 
altiiough such results may be largely caused by deteriora- 
tion from overheating and other weakening influences, they 
point to the necessity for a large margin of safety. By 
increasing the number of girders the load would be dis- 
tributed over a greater surface, and the Btresses on the parts 
of the vertical plates engaged would be proportionately 
reduced ; but considerations for transmission of heat from 
the crown plates liiait the number of gird^:^ that may be 
#tted, and, as a rule, the distance betwe^i, or pitch of the 
^rdcTS, is rarely under 4 inches. 
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Sling stays extending between the roof of the onter casing 
and girders are frequently applied to relieve the severe 
strains thrown upon the plates on which the girders rest, 
and these when properly arranged assist materially in main- 
taining the durability of the tube and end plates. The 
stays for this purpose are made of different sections, and 
are attached to casing plates and girders in a variety of 
waya It is, however, important that provision should be 
made in every case for the upward expansion of the firebox,, 
which is at all times greater than that of the outer casing 
but particularly so when fires are just kindled. 

The obstruction which girder stays present to the ascent 
of heat from the crown plate, and their tendency to collect 
deposit at a part where its presence is liable to be injurious,, 
are the principal objections to their use. At the same time,, 
it should be stated that the crown plate is rarely the first 
part of the firebox or boiler which gives way, for on refer- 
ring to the records of locomotive boiler accidents, it will be 
found that whilst many have been due to failure of the 
side and end plates of fireboxes, and to fracture or grooving 
of the outer casing and barrel plates, very few have been 
caused in consequence of the crown plates being impaired by 
disadvantages attending the use of girder stays. The mud 
plug-openings, usually made in the front plates of outer 
casings, give fair access for cleansing rods, and with oi-dinary 
attention there should be little difficulty in preventing any- 
thing approaching to a serious accumulation of deposit oik 
the crown plates. 

The girder, as applied to firebox crown plates, is usually 
treated as if it were an ordinary beam, having both ends- 
supported, but not fixed, over the length of which the load 
is uniformly distributed. The strength imparted to the- 
girder by its attachment to the crown plate is a matter 
which has not been satisfactorily determined ; and with th& 



DEFECTIVE STAYINQ. 77 

exception thai some makers adopt girders, having otherwise 
a low factor of safety, it is disregarded in the rules for 
determining the safe load. 

There are various formulae by which the number and 
proportions of girder stays may bo determined, but they are 
for the most part stated in such a manner as to be of little 
service to many of those interested in the construction and 
safety of steam boilers. With a view to simplifying these, 
the following rules have been deduced, and they may be re- 
lied upon to give results that will compare favourably with 
the best practice. 

Referring to Figs. 36, 37, 38, and 39 it will be seen that 
the letters used to denote the various dimensions are as 
here given : — Let 

P = Working pressure in lbs. per square inch. 

L = Length of girder in inches = length of firebox. 

H = Half length „ „ 

B = Breadth of girder in inches, or if formed of two 
plates, take the sum of the two. 

D = Depth of girder in inches at centre. 

S = Distance between centres of girders. 

C = Constant, 7,500 for iron, and 10,000 for steel. 

Then P = CxBxD^ p ^ / H X L x S x P 

HxLxS \ CxB 

and B = one-fourth to one-fifth of the depth. 

The diameters and pitch of the bolts which transmit the 
load to the girders are determined by the rules already given 
for screwed stays. 

Taking the dimensions as given, and using constant for 

iron — 

p __ 7,500 X 2 X 50 , 

"" 25 X 50 X 4 ^ ^ square inch. 



B= ^' 



25 X 50 X 4 X 147 ^ . , . . 
7,500x2 ^ "^^^^^ ^^^ ''^°- 
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The disadvantages referred to as attending the use of 
^rder stays, have induced several locomotive builders to 
4idopt a mode of staying between the crown plates of fire- 
box and outer casing, somewhat similar to that employed in 
staying the flat sides and end plates. In some instances 
bolt stays have been screwed through both plates with the 
heads at firebox side, the ends through casing being fitted 
with nuts or rivetted over. With casing crown plates, 
however, of the usual circular form, this method of staying 
is very rigid, and offers great resistance to the expansion of 
the firebox ; it is also defective, inasmuch as the stays do 
not take the loads direct, and are thus exposed to bending 
4Btresses which must lead to rapid wear and tear. Figs. 
40 and 41 show a modification of this form of staying, 
designed to overcome these objections. A series of channel 
irons are rivetted to the casing roof, and to these swing 
brackets suitable for receiving the stay bolts are jointed. 
The stays are screwed through the firebox plate in the 
usual manner, and the ends through the brackets are fitted 
"with nuts. Provision is made for the upward expansion of 
the firebox, and the stays are admirably adapted for 
«upporting the crown plate under pressure; the slight 
deflection that will occur owing to the difference of expan- 
sion between the firebox and the casing being immaterial. 
The casing roof is doubtless very much stiffened by the 
channel irons to which the stays are attached, and the 
altered conditions may in time develop "wear and tear" at 
parts hitherto comparatively free from it. The first cost 
and the difficulty of renewing or repairing the stays are 
also points which require consideration, but the improved 
circulation and facilities for cleaning which the arrange- 
ment possesses over girder staying will probably make its 
adoption very general, particularly in the case of large 
boilers. 
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Figs^ 42 and 43 represent a mode of constructing loco- 
motive fireboxes, which admits of crown plates being stayed 
directly to outer casing without disadvantage. It will be 
seen that the crown plates of both outer and inner boxes 
are quite flat and of about equal area ; the side plates of 
casing being connected to the roof by bends of large radii. 
Unequal expansion between the boxes is accommodated by 
the springing of the plates in such a manner as to prevent 
serious straining. The easy bends at corners of casing will 
also be serviceable in this respect, and under ordinarily 
favourable conditions they are not likely to be affected by 
grooving. This design for the many small boilers of 
** loco " type possesses great advantage over girder staying, 
particularly when the feed- water is bad; it is also much 
simpler and less expensive than other good forms of direct 
staying. 



(4.) BURSTING PRESSURES OF CYLINDRICAL 

BOILERS. 

The cylindrical, next to the spherical, is the form that 
offers the greatest resistance to rupture, and as cylindrical 
boilers are not only simpler to construct, but are better 
adapted in other respects to suit the requirements of steam 
generators, this form has naturally been most generally 
adopted. 

The resistance of a cylindrical shell to rupture is equal to 
the tensile strength of the material multiplied by twice its 
thickness, and the force sufficient to overcome the resistance 
is the product of the pressure in pounds per square inch 
multiplied by the diameter in inches. Thus, a boiler 60 
inches in dianieter, constructed of plates f inch thick, hav- 
ing a tensile strength of 40,000 pounds per square inch of 

C 
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section, would resist rupture up to a pressure of 600 lbs. per 

square inch. 

f X 2 X 40,000 _ ^^^ 

60 "^^ 

. The strength of solid plates has here beeu taken, but as^ 
the rings of plating which go to form the shell of a boiler 
are made up of one or more plates, which are jointed and 
held together by rivets, a reduction equal at least to the' 
section removed for rivet holes requires to be made. The 
ordinary forms of rivetted joints are single and double lap^, 
^nd the values of these joints are usually taken at 56 and 
70 per cent, of the strength of the solid plate. The bursting^ 
pressure of a boiler of the dimensions given above would 
therefore be 500 x 56 = 280 lbs. per square inch fot single 
rivetting, and 500 X "7 = 350 lbs. per square imh for double- 
rivetting. The increased rivet area in the double-rivetted: 
joint admits of wider pitches being employed, and the plate 
section thus saved accounts for the increase of strength 
that double-rivetted have over single-rivetted joints. Many 
joints are found which if measured by the amount of rivet 
area would show a strength in excess of the solid plate, 
whereas their actual strength measured from the plate 
section left between the rivet holes, might not exceed 40 pec 
cent, of the solid plate. And as the weakest link in a chaia 
is the measure of its strength, so the weakest section (rivet 
or plate as it may be) of a rivetted joint is that which 
determines the ultimate strength of the boiler. The tensile 
strength of iron plates is slightly gr$ater thai^i this shearing 
strength of rivet iron, but the former being more liable to 
injury under manipulation, as well as from the action of 
corrosive agencies in the feed- water, it is . et^tomary to 
proportion rivetted joints as if the plates and rivets pre- 
sented equal resistance to the respective strains. - r.'i 
' ' The correct prc^ortiohsj frbui a theoretical point of vien; 
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would therefore be those that arraaged for the plate andP^ 
rivet sections of an iron joint being eqiial^ and these eondi*. 

tions will be obtained when the pitch of rivets is equal to 

€L ^ Til 

-^ h d, where a is area of one rivet, n = number of rows of . 

rivets in the joint, d = the diameter of rivets, and t = thick- 
ness of plate. There are several considerations, however;, 
which render an excess of rivet section over plate section 
desirable, and this is generally carried out in practice. A 
rivetted joint besides being strong must be steam and water 
tight, and by increasing the rivet area the plates are held 
more firmly together, and being better adp^pted for caulking . 
are less liable to leakage. 

When steel is employed, it is necessary that the difference^ 
between the tensile and shearing strengths should be taken 
into account in the proportions of the joints. Steel boiler 
plates as commonly specified have a tensile strength ranging 
from 26 to 30 tons, or an average of 28 tons per square inch, 
whereas the shearing strength of good rivet steel rarely 
exceeds 23 tons per square inch of section. 



(5.) STRENGTH OF RIVETTED JOINTS (IRON). 

The percentage of strength due to the plate section left 

between the rivet holes is computed by the formula — 

P — f Z 

— ^p - X 100, where P is equal to pitch, and d = the 

diameter of rivets. 

The strength of the rivet section is computed by the 

€L X 'JX 

formula ^ — - x 100, where a is the area of one rivet, n = 

the number of rows of rivets, P = the pitch, and t = the 
thickness of plate. 
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Example 1. — Find the strength of a single-rivetted lap- 
joint where P = 1| inch, d = f inch, and < = f inch ; then, 

^T^ X 100 = ^^1.875 ^^ ^ ^^ = 60 = percentage 

of strength of plate section to solid plate, 
and 

n X a --.^ 1 X '4417 ,^^^ ,»c>w 

Pin ^ 100 =3:875-;p375 xlOO = G2-7o=percentage 

of strength of rivet section to solid plate. 

Example 2. — Find the strength of a double-rivetted lap- 
joint where P = 2| inch, d — j^ inch, and t —^ inch ; then, 

P-^ lAA 275 --8125 -^^ ^^- , 

— p— X 100 = 2:=- X 100 = 70*5 = percentage 

of strength of plate section to solid plate, 
and 

T^ ^ ^^° " 275 X '5 ^ ^^^ " ^^'^ " percentage 

of strength of rivet section to solid plate. 

The percentages of plate section in the examples given, 
being less than the rivet area, are the quantities that would 
be taken in calculating the bursting pressure of boilers 
rivetted together by joints of these proportions, and for the 
-jsame reason, when the percentage of plate section is the 
greater, the strength due to the rivet area must be taken. 

The proportions given in the following tables are very 
commonly used in good modern practice, experience having 
proved that rivetted joints formed in accordance with these 
can be made thoroughly reliable. It will be seen that 
Hseveral of the rivet diameters in Table I. are greater than 
Tthose given for the same thickness of plate in Table II. 
The former table applies only to boilers having both longi- 
tudinal and cii'cular seams single rivetted. In those boilers 
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as 



where the longitudinal seams are double and the circular 
seams are single rivetted, the diameter of rivet which is 
best adapted for the longitudinal joint must also — ^for con- 
venience in construction — be taken for the circular seams, 
the pitch of the latter being increased or decreased, as found 
necessary to obtain the highest efficiency. 



Tablb 1— Sikglb-Bivbttkd Joint (Ibom). 


Table IL— Dodblb-Bivbtted Joint (Ibon). 
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The tensile strength of steel plates being 28 tons, and the 
shearing strength of steel rivets being 23 tons per square 
inch, the rivet area must be increased proportionately to 
obtain the same value in strength, as given in the examples 
of iron plates and rivets. By Example 1 it was found that 
the percentages of strength of plate and rivet section were 
respectively 60 and 62J. The same percentages would be 
obtained in the case of steel plates and rivets by the calcula- 
tion, but the value of the rivet to the plate section would 
be in the proportion of 23 to 28, and instead of it being 
equal to 62| per cent, of the solid plate, as with iron, it 
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62*75 X 23 
would only be equal to 51 4 per ceni ; thus, ^^ «« 

51*5. In the same manner the value of the rivet section 
(75J) obtained in Example 2 would only bo equal to 62 per 

cent, of the solid plate— thus, ^2i^^-^= 62. The plate 

and rivet sections of an iron joint, as stated elsewhere, will 
be of equal strength when the pitch i's found bj'^ the 

formula, — 7 H d = P, but to obtain the same result* 

with steel ioints, the formula becomes — 7 sir- — h ci = P. 

•* ^ X 28 

With plates | inch thick, and rivets | inch diameter, the 

pitch for a double-ri vetted steel joint would be — ^^=-: -^- 

+ '75 = 2*69 inches, which, by the formula, would give 
72 per cent, of plate section, and 87*6 per cent, of rivet 

section; but ^r^ = 72, which is the vaXue of the 

shearing strength of the rivets, as compared with the tensile 
strength of the solid plate. 

In double-rivetted joints the arrangement of the rivets 
may either be "zig-zag'' as in Figs. 44 and 45, or "chain " 
as in Figs. 46 and 47. The former of these methods 
requires less lap than the latter, and the rivet pressure 
being consequently greater per square inch of surface, these 
joints, if well executed in other respects, should be sounder 
than those which are "chain" rivetted. On the other hand, 
the material with zig-zag rivetting is more liable to be 
injured under manipulation, particularly when the rivet 
holes are punched, and there is always the difficulty ot 
getting the corner rivets to come in without departing from 
the general proportions of pitch and diameter. 

The " zig-zag " arrangement is more frequently employed 
than the "chain," but further experiment is necessary to 
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determine whicb of the two methods is better adapted for 
equaUsing the strains and giving the strongest joint. 

The other forms of ri vetted joints are treble-ri vetted laps, 
and single and double butt joints. The former of these is 
rarely adopted in land boilers ; but in lap-jointed marine 
and other boilers, where thick plates are used, the rivet area' 
required to bring up the strength of the joint renders treble 
rivetting necessary. 

Butt joints (Figs. 48 and 49) when properly proportioned 
and carefully executed, are stronger than lap joints; tho 
rivets being in double shear, and as the rings of plating can 
be made truly cylindrical, they are free from the cross 
bending strains to which lap joints are subjected. This 
feature in butt jointing, as elsewhere explained, effectually 
prevents the grooving so frequently found at the edges of 
the longitudinal seams of lap-jointed locomotive boilers, and^ 
next to sound welding, makes it the best method of forming 
the longitudinal joints of furnace tubes. Butt joints are more 
difficult to make, and being thus more liable to suffer from 
defective workmanship than the ordinary lap joint, they re- 
quire to be very carefully supervised during construction. 

Butt joints fitted with single straps have little, if any, 
advantage over lap joints in point of strength, and as it i» 
more difficult to make thoroughly sound work with the 
former, they are seldom employed in boiler construction. 

The circular seams of land boilera, as a rule, are single 
rivetted, there being no necessity, as will be seen, for double 
rivetting to enable them to resist with safety the stresses 
due to internal pressure. The springing at these joints, 
resulting from the inequalities of temperature found between 
the top and bottom of certain boilers (mostly of marine 
type), is frequently the cause of annoying leakages, to 
prevent which double and occasionally treble rivetting is 
resorted to, but it is only for such reasons that single 
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ri vetting is departed from. The strength at the cireular 
seams of a pkin cylindriciil boiler to resist tearing asunder 
by force of internal pressure, is double that of the longi- 
tudinal seams, when the proportions of rivetting/^, %i8 
equal, and in boilers which have tubes and stays extending 
between the end plates, the strains tending to tear asunder 
the circular seams are still further reduced. 

The pressure at which rupture of the circular seams would 

occur is equal to . ■ , where S is the sectional area of the 

plates, p the strength of the joint compared with the 

strength of the solid plate, and A the area of the end plate 

in square inches. 

The pressure at which rupture of the longitudinal seams 

^ X 2 X w 
would occur is equal to -t — — , where t is the thickness 

of plate, p the strength of the joint, compared with the 
strength of the solid plate, and d the diameter of boiler in 
inches* 

Example. — What are the pressures required to produce 
rupture through the circular seams and longitudinal seams 
of a boiler 5 feet (internal) diameter, composed of plates 
I inch thick, the tensile strength of which is 40,000 lbs. per 
square inch, and the eflSciency of the joints (single-rivetted) 
56 per cent, of the solid plate ? S, The sectional area of the 
plate is the difference between the area of the outer and 
inner circles of the boiler, which in this case are 5 feet 
I inch, and 5 feet respectively j thus, 28985 - 2827*4 = 
71 1 square inches sectional area. j9, The strength at the 

joint is ^^'^200^ ^ ^ ^^'^^^ ^^' P^^ ^^"^^^^ ^^^^' ^' ^^^ 
of the end plate 5 feet diameter » 2827*4 square inches. 

^Then, ^^ = ^^^2^^y^ = 563 lbs., the pressure that 
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would produce rupture through circular seams. And, 

txixp '375 X 2 X 22,400 ^^^ ,, ., 

T — —= 7^7 =280 lbs., the pressure 

that would produce rupture through the longitudinal seams. 

In this example the full area of the end plate has been 
taken, whereas in multitubular and internally-fired boilers 
the area of the tubes and flues would require to be deducted, 
and the pressure necessary to produce rupture at the cir- 
cular seams would be proportionately greater. 

The strength of the circular seams, as compared , with 
the longitudinal seams, shows the necessity for double 
rivetting, or other improved form of jointing the latter; 
for with an efficiency of 80 per cent, at the joint, the 
bursting pressure of 280 lbs. found in the above example 
would be increased to 400 lbs., and the chances of leakage 
under working conditions would be very much reduced. 

TABLE OF AREAS FROM 30 INS. TO 108 INS. DIAMETER. 
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The following table has been computed by the formula^ 
P = — jc — f where P is pressure ; t, thickness ; D, diameter 

of boiler ; and c, the strength of longitudinal joints — viz., 
22,400 lbs. for single and 28,000 lbs. per square inch for 
double rivettingy the percentages taken being £6 and 70 
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respectively, and assuming the strength of the solid plate 
to be 40,000 lbs. per square inch : — 
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(6.) FACTOR OF SAFETY. 

The term " Factor of Safety " refers to the proportion of 

strength which a structure possesses in es^cess of the load or 

strains to which it is subjected. For instance, a boiler 

shell 69 inches diameter, boilt of |4nch plates and single 

rivetted, has an ultimate strength to resist rupture up to 

a pressure of 240 lbs. per square inch, and if the working^ 

load should not exceed a pressure of 40 lbs. per square 

inch ; such a boiler, in the ordinary acceptation, is said to 

240 
have a factor of safety of 6, thus -7^ = 6. 

This method of estimating the factor of safety of a boiler^ 
although accurate to a certain extent, is very liable to give 
a false sense of security, and has in not a few instances led 
to boilers being unduly pressed. In the example given 
above,, the ultimate strength of the material of which the 
boiler shell is made-^viz., 40,000 lbs. per square inch, has 
been taken, whereas the limit of elasticity of the material 
would not exceed one-half of this amount. The elastic 
Umit of any material (possessing the quality of elasticity),, 
is that point up to which it will sustain a load without per* 
manent alteration of form. Iron of good quality, as already 
indicated, has been found to possess elasticity equal to 9^ 
losid of 20,000 lbs. per square inch, that is to say, so long 
as the strain to which the iron is subjected is within this 
limit, it will elongate in proportion to the load applied, and 
after release, it will go back to its original form. On tha 
other hand, should the strain exceed the elastic limit, the 
original form will not be retained after release of load, and 
exhaustive experiments have proved that with each incre- 
ment, or with repeated applications of same load thereafter, 
the departure from original form will increase rapidly until 



FACTOE OF 8AFCTY. 9S 

final rapture ensues. From what has been said it will be> 
seen that a boiler of the dimensioDs re£en*ed to, would be in 
a most unsafe condition, if loaded up to anything approaching 
oiie-half of its calculated bursting pressure, and it follows 
that for practical purposes the limit of elasticity should b^ 
taken instead of the ultimate strength of the material^ 
whiijh reduces the nominal factor of safety of 6 to an actual 
factor of safety of 3. 

The soundness of the ri vetted joints (as is well known to 
those who have Witnessed the testing of boilers to destruc- 
tion) is also a point that would be seriously affected long 
before the actual strength of the plate and rivet section 
wbuld be reached; and although such a result might not 
ber. followed by immediate disaster, it would rapidly affect 
the durability and efficiency of a boiler. 

Besides the reasons given in the foregoing for a largo 
tiomlnal &ctor of safety in respect of the steam pressure, a 
margin is also necessary for probable flaws in material, de-* 
fects in workmanship, and for the undetermined stresses to 
which most boilers are subjected whijst under working 
eonditions* •.■^\':.r'-: - . ^ 

The improveinents in the construction and setting of 
boilers introduced during recent years have doubtless 
assisted considerably in minimising the stresses due to uu-^ 
equal expansion, and otherwise reducing tho influence^ 
tending to cause rapid deterioration; but the best results 
are still far short t)f perfection, and it is impossible to get 
bver the fact that every day's work detracts, in some mea* 
sui'e, from the original strength of the structure. 
. The degi^e of accuracy with which the strength and 
eUstieity of boiler materials can be ascertained^ and the 
fajcilities for h]gh-<;la8S.. construction th^t are now in 
uae^ have removed to a great extent the uncertainty thai 
fonberly exited as to; the sto^ual strength of new boilers^ 
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and the rules generally applied are sufficiently reliable for 
all practical purposes. To estimate tbe strength of a 
boiler which has been at work for a term of years is, how- 
ever, a matter to which the recognised rules can only be 
applied with such modifications as sound practical experience 
may determine. 

With good feed- water and careful working, boilers hav^e 
been known to last for upwards of 20 years without material 
reduction of plate thickness, or other outward indications of 
decay; but even under such favourable circumstances, ex- 
{)erience has proved that the high temperatures and varying 
conditions to which the plates are exposed, detract materi- 
ally from their original strength and elasticity. The 
majority of boilers, in addition to the species of deteriora- 
tion just referred to, are also affected by corrosion, fractures, 
and repairs, &c., sometimes to such an extent as to make it 
almost impossible to estimate their fitness for pressure, and 
these difiiculties are increased when the construction of 
boilers is such as to prevent a complete examination being 
made of every part. 

The testing of boilers by hydraulic pressure, the drilling 
of plates to ascertain their actual thickness, and the testing 
of pieces cut out during repairs, are often necessary to enable 
the expert to apportion a safe load; and in view of the 
tendency to high working-pressures that is now becoming so 
general, these precautions will require to be more frequently 
resorted to. Tbe management and care in the working of 
boilers are also matters that affect largely any estimate of 
their fitness for a given pressure, it being w^ell known that 
irregular working, forced firing, and impure feed- water, &c., 
are productive of serious straining, and consequent reduction 
of strength. The length of time a boiler should be allowed 
to work at the pressure which its dimensions and construe* 
tion justified when new, is indeed very largely dependent 
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upon the nature of the feed-water supplied, and the atten- 
tion that the boiler receives ; but under average conditions 
it may be assumed that after ten years working, more or 
less, the strength and ductility of the plates will be so 
affected as to make a reduction of pressure advisable. 

The working-pressures specified for new boilers usually 
vary from one-fifth to one-eighth of the calculating bursting 
pressure, baised on the ultimate strength of the materials, 
and in no case is it judicious to load the safety-valve in 
excess of one-fourth of the estimated strength of any boiler. 
Such a factor of safety was found necessary even for the 
low pressures of former days ; and, having regard to the 
high pressures now employed, combined with the somewhat 
severe shocks which boilers are subjected to by the instan- 
taneous cut-off valves so largely used, it is very desirablo 
that higher factors of safety should become the rule. 
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SPECIFICATION OF A LANCASHIRE BOILER FOR 
A WORKING-PRESSURE OF 80 LBS. PER 
SQUARE INCH. 

The boiler to be made throughout of best selected mild 
steel for boilers, the tensile strength of which shall not 
exceed 30 tons, or be less than 26 tons per square inch. 

Shell. — To be 28 feet long by 7 feet 6 inches diameter, 
measured inside the outer ring of plates, and to be not less 
than J inch thick (20*8 lbs. per square foot). To have ^ 
belts of plating in its length, and each belt to be made a» 
cylindrical as possible, with lap joints. The longitudinal 
seams to break joint at least 12 inches, and to be so- 
arranged that when the boiler is seated they shall not como 
in contact with the brickwork. The longitudinal seams to- 
be double rivetted, and the circumferential seams to be^ 
single rivetted, the proportions being as under : — 

For longitudinal, diameter of rivet-holes, xf inch.. 
„ „ pitch „ 2| „ 

„ circumferential, diameter „ tt n 

„ „ pitch „ 1| „ 



The edges of all the plates to be planed and soundly caulked 
inside and outside, and the distance from centre of rivet- 

holes to edge of plates to be made equal to „ — . 

End Plate^.— Each end plate to be in one piece, | inch 
thick (26 lbs, per square foot). The front end to be attached 
to shell by a solid welded angle steel ring, 3| inches x 3^ 
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inches x yV inches, which shall be fixed externally, the back 
end plate being flanged to meet the shell. The edges of 
both plates and angle ring to be neatly turned, and the 
boles for flues to be cut out by machine. 
. Stays. — The end plates to be strengthened by means of 
five gusset plate stays above the flues, and two below the 
flues, all being secured to shell and ends by double angle 
steels, and arranged in accordance with sketch herewith. 
(See figures 24, 25, 26, and 27.) 

Flues. — ^To be 3 feet external diameter, except the two^ 
last belts of each^ which shall be tapered to 2 feet 6 inches 
external diameter. To have 9 belts of plating in their length, 
which shall be formed of single plates | inch thick, welded 
longitudinally, and united to each other by Bolton steel' 
hoops, Adamson's flanged seams, or other approved method 
of increasing their resistance to collapse (the method favoured 
by the contractor to be stated in tender). Each flue to be^ 
fitted with four of Galloway's cross tubes. The first of theso 
tubes to be placed vertically'' in the fourth belt of plates, th& 
others to be fitted in consecutive belts towards right and left 
sides alternately, each being placed at an angle of 30° from 
the vertical. The flues to be attached to end plates by 
angle steel rings, 3^ inches x 3i inches x ^^ inch, or by solid, 
flanged steel collars of same thickness. 

Bivet-Holes. — All the rivet-holes to be drilled. The drill- 
ing, wherever practicable, to be done with the plates, &a, in 
position, care being taken to remove the ** burr " from be- 
tween the plates. The rivets to be closed by machine- 
wherever practicable. 

Flang^ing and Welding. — These to be done by the special 
tools and appliances for such purposes ; and to prevent in- 
jury by local heating it is desirable that the pK.ta comers 
be thinned by machine. 

Brands. — All plates and angle steels to have the brands 
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distinctly marked thereon, and a certificate of the tests to 
which the material has been subjected to be furnished. 

Test. — The boiler to be tested to 160 lbs. per square inch 
by water pressure, and to sustain the same to the satisfaction 
of the inspector appointed for the purpose. The date of 
make and pressure to which the boiler was tested to be 
legibly stamped on front end plate. 



MOUNTINGS AND FITTINGS. 

Steam Stop-Valve. — One steam-chest having gun-metal 
stop-valve, and seating 6 inches diameter, fitted with 
regulating spindle, hand wheel, and packing gland complete. 

Safety-Valves. — Two dead-weight safety-valves of ample 
discharging power, one of which shall be a combined high- 
pressure and low-water safety-valve. 

Peed-Valve. — One combined feed-regulatins: and back- 

pressure valve, 2^ inches diameter, attached to front end 

plate, and having an internal pipe, at least 9 feet long, 

suitably supported and arranged to discharge horizontally 

..about 3 inches above the level of the furnace crowns. 

Blow-off. — One 2i-inch asbestos packed blow-off tap en- 
tirely of gun-metal, and having the gland constructed so 
as to prevent the key being removed until the tap has been 
closed. The bend pipe for connecting blow-off to boiler to 
be of approved form, and of such length as may be found 
most suitable for the convenient working of tap. 

Water Ganges. — Two asbestos packed glass-tube gauges 
complete, of approved construction, with large water and 
steam passages, and jointed to strong brass stools on front 
end plate.'V-^ 

Steam Gai|^. — One 7-inch steam-pressure gauge of best 
construction ::graduated to 180 lbs. and fitted with tap and 
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syphon complete, and to admit of gauge being tested 
conveniently, the tap must be made suitable for opening to 
the atmosphere or boiler as required. 

Antipriming Pipe. — One perforated cast-iron pipe to bo 
placed horizontally in steam space, and connected to steam 
stop-valve. 

Fusible Plugs.— One fusible plug to be put into the crown 
plate of each furnace directly above the centre of fire 
grate. 

Man-holes. — One strong steel double-flanged frame, 16 
inches diameter, to be secured by double rivetting to top 
of boiler outside, and the edge of shell plate round opening 
to be further strengthened by a stiffening piece inside. 

One strong steel ring 15 inches by 12 inches to be 
rivetted round man-hole opening at bottom of front end plate 
inside. 

Suitable man-hole covers, bolts, &;c., to be provided. 

Branches. — Steel branches to be rivetted to the boiler for 
the mountings, and the flanges to which the mountings are 
to be attached to be accurately faced for jointing. 

Fire Doors and Frames. — Two sets of wrought-iron fire 
doors and frames neatly mounted, the doora to be fitted with 
air regulating valves. 

Fire Bars. — Two sets of fire bars in three lengths of 2 
feet 2 inches each (the total length of grate surface beings 
G feet 6 inches) with bearers and dead plates. 

Damper and Frame. — One damper plate and frame with all 
necessary fittings. 

Flue Doors and Frames. — Two side flue doors and frames, 
of sufiieient size for cleaning and inspecting purposes. 

Floor Plates and Frame for Blow-off Pit. — The floor plates, 
to be made in sizes to facilitate removal, and to have 
suitable opening over blow-off tap for inserting spanner. 
The lid for opening to be fitted flush with plates. The 
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frame to be of substantial section^ and of sufficient size for* 
access to flues. 

All Bolts and Jointing necessary for mountings to be 
43upplied by contractor. 

Qenerally the material and workmanship to be of the best 
qujoiity^ and the boiler to be constructed and comoleted to 
the satisfaction of. • 
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VERTICAL BOILERS. 

The application of steam power to the smaller industries 
has made great progress of recent years, and owing to this 
there has been a large demand for boilers of the small self- 
contained types, amongst which the upright boiler, with 
internal firebox, is most in favour. Boilers of this class 
are found, not only to right and left of us, but above, and 
below, and all around. 

In the building of streets, &c., they are u6ed for sup*' 
plying steam to cranes and mortar mills, and they are also 
extensively employed by those engaged in the minor in* 
dustries carried on throughout our large cities and towns. 
In the loading and discharging of vessels at docks and at ' 
seaports, the vertical boiler again plays an important part, 
both on board ship and on shore, and in all great engineer- 
ing works, such as railway and canal cuttings and bridge 
building, they are usually found in large numbers. The 
first cost of this boiler is low, it is easily moved from place 
to place, it takes up little space, and it requires no brick- 
work or other form of special setting. Such qualities 
render it very suitable and convenient for the various 
purposes referred to, and, notwithstanding the development' 
of the gas engine and other steamless motors, the demand 
for the vertical boiler still continues. 

In view of this, and having regard to the somewhat 
numerous accidents which have been recorded, it has been 
thought advisable, in presenting the second edition of this 
book, to add a chapter treating of the construction and 
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management of vertical boilers. Judging from the review* 
in several of the scientific journals on the first edition, as 
well as by the remarks made in a number of letters re- 
ceived, the author has been encouraged to hope that such. 
a chapter will be interesting to many, and it is his earnest 
desire that it may be of special service to those who are 
more directly concerned in the safe working of such boilers, 

CONSTRUCTION. 

There are, perhaps, no boilers which have suffered more 
from the effects of mal-construction and bad workmanship 
than the type under consideration. The ease with which 
they can be manipulated, even in workshops destitute of 
cranes, as well as many of the most ordinary appliances, 
has enabled jobbing boilersmiths to compete for such orders,, 
with the result that the design, material, and workmanship 
have in numerous instances been of the worst possible de- 
scription. The rapid "wear and tear,*' and the necessity 
for frequent repairs, as well as the explosions and collapses 
which so frequently occur, are doubtless due in some 
measure to such circumstances ; for, whilst it is true that 
there are conditions incidental to the working of these 
boilers that render them very liable to failure, it has also 
been abundantly proved that with good material and work- 
manship, and due regard to design, they can be made to 
work, not only with perfect safety, but also with a fair 
degree of economy. The vertical boiler, like other well- 
known types, has many modifications, but the prevailing 
design, viz., that which consists of a cylindrical shell, fitted 
with an internal firebox, and having an uptake- or chimney- 
tube extending between the shell and firebox crown plates^, 
is the one to which the following remarks more particularly 
refer. The departures from this oiiginal design consist for 



CONSTRUCTION. 10& 

the most part in the introduction of tubular arrangements^ 
which, however beneficial and economical under favourable 
conditions of water and attendance, render them very un- 
suitable for many of the purposes to which vertical boilers- 
are applied. 

Vertical boilers of the multitubular class, particularly 
those constructed by leading specialists, have attained to 
a high degree of evaporative efficiency, and their evapora- 
tive duty also compares favourably with that of other good 
types. Such boilera are very suitable in circumstances 
where it is necessary to have the greatest possible amount 
of heating surface in a limited space, and when supplied 
with good feed -water, combined with careful attention,, 
they have been found to work very satisfactorily. These 
advantages of increased power and efficiency are, however,, 
obtained at a sacrifice of simplicity in construction, which, 
besides adding materially to the first cost, is very liable 
to increase the subsequent expense of maintenance; the 
operations of cleaning, inspecting, and repairing are also 
rendered more difficult, all of which objections tend to 
prevent the vertical multitubular boiler from coming into 
anything like general use. 

SHELL.— The strength of the shell does not call for special 
remark, beyond what has already been written under the 
heading of "Cylindrical Boilers." The bursting pressures 
and rules for the rivetted joints of iron boilers will be found 
on pp. 81 to 93, and tables for the bursting pressures and 
strength of rivetted joints of steel boilers on pp. 142 and 143- 

It may be well to point out, that as the shells are for the 
most part of small diameter, it is important that they should 
be made as truly cylindrical as practicable, particularly for 
high pressures, and to this end it is desirable that the vertical 
seams should be formed of double strapped butts, having 
two rows of rivets on each side of the joints. By adopting 
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this method, the strength of the shell to resist rupture is^ 
^considerably increased, and internal grooving, such as is 
liable to occur, with lap-jointed seams, is entirely obviated. 
The practice of welding the plates at the vertical joints is a 
form of construction that cannot be recommended ; the 
uncertainty of soundness at the weld, however carefully 
-executed, is always a grave source of danger, owing to the 
joint being in tension whilst under pressure, and for this 
reason it is not uncommon to find welded seams strapped 
«,nd rivetted, which, of course, adds to the expense of con- 
struction, and in the end is no stronger than a rivetted joint. 
The welding of the crown plates to the cylindrical portions, 
a. method sometimes adopted in the case of small boilers, is 
also unreliable, and has frequently been the cause of serious 
failure. 

The shell rings should each be formed of a single plate, 
and preferably of moderate breadth, as undue length of 
vertical seam is liable to give trouble through leakage. The" 
bottom ring of plating is usually made from 8 inches to 12 
inches broader than the others, so as to provide the required 
space for ashpit, and to admit of easy access to the interior 
of firebox ; this is a more satisfactory method than the 
rivetting on of a narrow strip, or forming the ashpit of brick- 
work. The shell crown in good practice is invariably formed 
of a single plate, having flanges of easy radius for attach^ 
ment to sides and uptake-tube. The shape of the crown 
plate is a point about which there is some diflference of 
opinion, certain makers preferring to keep it quite flat, 
whilst others dish it outwards so as to form a portion of a 
sphere, the radius of which is usually about equal to the 
diameter of the shell. The flat plate, it is contended, by 
reason of its greater elasticity, prevents the tendency to 
^ooving, so common round the roots of shell and uptake* 
tube attachments ; but, except in boilers of small diameters^ 



CONSTRUCTION. 107 

nnd for moderate pressures, flat plates require to be more 
strongly stayed than those that are cambered. This seriously 
hampers an already confined space, and tends to stiffen the 
<3rowii to such an extent as to render its flatness of little 
service as a means of preventing grooving. 

The expense of producing cambered plates was doubtless, 
at one time, a cogent reason for objecting to their use. The 
undue stresses to which the material was subjected during 
manipulation were also liable to cause serious injury, par- 
ticularly with iron of inferior quality, and this accounts 
largely for the frequency of fracture and serious grooving 
round the roots of the crown-plate flanges of many old boilers 
of this type. The special appliances now employed for the 
flanging and shaping of boiler plates, besides reducing the 
cost of production, minimise the chances of injury during 
manipulation, and concurrent with these improvements, the 
use of cambered plates has become almost general. Several 
builders, with a view to dispensing with the necessity for 
stays, make the crowns hemispherical, but this form of con- 
struction adds materially to the height without proportion- 
ately increasing the capacity of the boiler, and, except for 
small diameters, the ends require to be formed of a number of 
segmental plates, which introduce elements of weakness, and 
render these ends unsuitable for the attachment of mount- 
ings, and uptake-tubes, &c. When the radius of the crown 
plate is made equal to the shell-diameter, it forms a portion 
of a sphere, which, if completed, would theoretically sustain 
an ultimate stress equal to that of the shell. The Board of 
Trade insist upon all dished ends being furnished with un- 
smithed bar-stays ; but if their radius, as already explained* 
is equal to the diameter of the shell, the working stress per 
square inch of stay section may be as high as 14,000 lbs. fot 
iron and 18,000 lbs. for steel stays. 

The fitting of bar-stays between the shell and firebox 
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crowD plates is sometimes objected to on the ground that 
they are difficult to keep tight, and when fitted with nuts 
and washers, the ends next the fire are very liable to be 
impaired by the action of the heated gases. For these i*easons 
gusset-stays are sometimes preferred, and in many instances 
stays are entirely dispensed with, notwithstanding that the 
dimensions of the boilers, and the pressures to which they 
are loaded, are such as to render some form of staying ex- 
tremely desirable if not absolutely necessary. Gusset-stays 
between the shell and crown plate are, doubtless, a very 
effective means of support, but when it is necessary to apply 
these, it is equally important that the firebox crown should 
be stayed, for, although the latter is usually from 20 to 30 
per cent, less in area, it is in compression whilst under pres* 
sure, and the working stress on the material should, there- 
fore, be from 20 to 30 per cent, under that allowable on the 
crown of shell. 

In the circumstances it will be seen that, notwithstand- 
ing the objections alluded to, the fitting of direct stays is 
perhaps the best, if not the only, means of effectively 
supporting both crown plates, and as a means of preventing 
leakage, the stays, in addition to the usual nut and washer 
attachments, should be screwed through both plates. The 
value of the uptake-tube as a stay between the crown 
plates depends to no small extent upon the conditions of 
working. If the portion in steam space is unprotected from 
the direct action of the furnace gases, it is very liable 
to be softened by overheating, and thereby rendered of 
little service as a stay; but if provided with a suitable 
fire-clay or cast-iron lining, and not unduly strained by 
rapid and extreme variations of temperature and pressure^ 
its staying properties must be of considerable importance* 
This is borne out by the comparative freedom from accident 
through failure of uptake-tubes in boilers, the crown plates 
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of which were otherwise unsupported. It is true that 
there are no stays which are more exposed to the 
weakening effects of grooving, corrosion, and overheating, 
but, notwithstanding these drawbacks, the uptake-tube 
may with ordinary care last the lifetime of a boiler, and 
even should it become seriously impaired, its replacement, 
if properly fitted to begin with, is neither a difficult nor 
an expensive affair. 

Whilst admitting to this extent the reliability and pro- 
bable durability of the uptake-tube, it must also be stated 
that amongst the makers and users of vertical boilers, 
there are not a few who rely too implicitly on the 
understanding that by its staying power alone, the crown 
plate possesses a margin of safety against rupture equal to 
that of the shell. It would also appear as if this view of 
the matter were at times adopted without regard to the 
necessity for the sectional area of the uptake-tube being 
made proportionate to the pressure to be sustained. The 
dimensions, mode of attachment, and design vary to a 
great extent ; boilers are found fitted with tubes absurdly 
large or absurdly small, and not infrequently those of 
greatest diameter are too thin to have even a fair 
margin of safety against collapse. If the uptake-tube is to 
be considered as a stay in any degree whatever, its effici- 
ency must of necessity be greatly affected by its diameter 
and thickne&s, whereas judging from some of the instances 
referred to, these would appear to be of no moment. The 
great increase of working pressure to which vertical boilers, 
in common with other types, are now subjected, rendera 
' such haphazard methods of construction dangerous in the 
extreme, and it points to the necessity for some law being 
framed, whereby all makers would be bound to submit 
drawings and specifications of every boiler to some qualified 
-and responsible authority. The Board of Trade rules do 
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not i*efer to the uptake-tube as a stay, but they allow a 
large working stress on direct stays between the crowns 
when the latter are properly cambered, and it is at least 
presumable that the strength imparted by the uptake-tube 
accounts for this to some extent. It is perhaps quite right 
to lay down as a general rule that " all dished end plates 
should be stayed f but there are many vertical boilers in 
which the insertion of stays, other than the uptake, is quite 
unnecessary, and as their presence would probably add to 
the chances of leakage, not to speak of other forms of 
deterioration, it is evident that some other understanding 
beyond the general rule just referred to. is required. To 
lay down any hard and fast rule on the point would simply 
be adding to the difficulties already experienced, but the 
following statements and particulars of the author's practice 
in reference to the staying of crown plates may be found of 
service, and as the proportions given have been proved by 
the test of actual working over a wide range, they may be 
relied upon to meet the requirements of what might be 
termed average conditions of working. 

Proportions of Uptake-Tubes and Crown Plates of Vertical 
Boilers, from 3 ft. to 6 ft. diameter. — The radius of the 
crown plates should be equal to the diameter of the 
shell, the thickness after dishing and flanging being 
at least 20 per cent, greater than the shell plates, and 
the radius of the crown-plate flanges should be not less 
than 2^ inches. The mode of attaching the uptake-tube 
may be varied to suit circumstances, but the practice 
of flanging the crown plates for this purpose is the most 
approved, and when adopted, the tube might be made 
slightly conical, so as to facilitate its removal, when required^ 
for repairs. Long tubes of large diameter may with 
advantage be made in two lengths, united to each other 
by flanged seams, care being taken to keep such seams 
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below the water line. The diameter of the uptake-tuba 
should be made to allow of a protecting liner or sleeve 
being fitted at the fire-side, without unduly contracting the 
outlet area, and the sectional area of the material of the 
tube should be so proportioned as to make it efiective as a. 
stay between the crowns. JThe liners for protecting the 
steam-space portions of the uptake-tubes may be made of 
fire-clay or cast iron. The former lasts very well in boilers- 
which are free from jolting, but cast-iron liners will be 
found more serviceable for boilers on cranes and steamboats^ 
&c., and to prevent corrosion it is important that an air- 
space J inch in width be left between tubes and liners. 

For working pressures in excess of those given in the 
following Table, the crowns should be supported by means- 
of unsmithed bar-stays, screwed through both plates and 
fitted with nuts and washers at each side of each plate. To- 
prevent these stays from unduly obstructing the man-hole 
access, they require to be rather widely spaced ; but except 
for extreme pressures, pitches varying from 20 inches to 25^ 
inches (measured on the pitch line of shell crown plate) will 
be found quite suitable for the sizes of boilers given in the 
Table. The centre of the space on the crown plate between 
the shell and uptake-tube is usually fixed upon as the pitch 
circle of the rod-stays ; it has, however, been found advan- 
tageous to leave a larger breathing space round the uptake- 
tube than this allows, and, as a general rule, the diameter of 
the pitch circle should be made not less than two-thirds of 
the diameter of the shell. If the stay-holes have been truly 
drilled and tapped in line with each other, and the stays^ 
have been manufactured and fitted as already described^ 
they may be subjected to a working stress not exceeding 
20,000 lbs. per square inch of net section for steel, and 
15,000 lbs. per square inch for iron. 
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TABLE OF PROPORTIONS OP UPTAKE -TUBES AND 
MAXIMUM WORKING PRESSURES. 



DIuneter of Shell 


External 

Diameter of 

Uptake-Tnbe. 


Minimum 
Ttiickness of 
Uptake-Tabe. 


Maximam 

Working Pressare 

Witiiont SU78. 


3 feet inches. 


104 inches. 


1 inch. 


80 lbs. per sq. in. 


^ It 6 9t 


12 


u ,. 


75 


4 „ „ 


134 „ 


A ,, 


70 


4 ., 6 „ 


15i „ 


if „ 


65 


6 „ „ 


17 


i » 


60 „ „ 


5 „ 6 „ 


184 „ 


a „ 


55 


6 „ „ 


20 


A .. 


50 



Man-holes, Mud-holes, and Fire-hole Openings. — ^The man- 
hole, mud-hole, and fire-hole openings into shell are not 
always fitted to the best advantage, or placed in the 
most favourable positions for their respective purposes. 
The man-hole should be cut in the centre of the space, 
between the crown plates of the shell and firebox, as gener- 
ally this position is quite suitable for accessibility to the 
interior of the boiler, and the jointing is wholly in the 
steam space, a feature which, it may be stated, is of im- 
portance, as it has been found more difficult to keep the 
joint tight when it is partly in the steam- and partly in the 
water-space. The plate edges round the opening should be 
-strengthened by wrought-iron or steel rings of such pro- 
portions as will substantiall}'- compensate for the section 
of shell plate removed. These rings may be made and 
Tivetted, as shown by Figs. 22 and 23 on page 53, and 
in the case of existing boilers having unstrengthened man- 
holes, such an arrangement is the most suitable for shells 
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of average diameter. Great care, however, is required to 
ensure tightness, owing to the man-hole doors having to be 
jointed to the curvature of the shell. Flanged compen- 
sating rings, fixed internally, are admirably adapted for the 
strengthening of man-holes, particularly of those in verti- 
cal and other boilers, where the space is limited. The faces 
of these rings and the man-hole lids being flat, they can 
be accurately machined arid sci*aped up so as to fonn 
thoroughly reliable joints. The double-flanged man-hole 
frame, although a very efflective means of strengthening 
the edges of the plates, and obtaining sound joints, is not 
at all suitable for vertical boilers on account of the space 
it takes up, and as such frames are necessarily fixed exter- 
nally, the bolts for securing the doors must have their 
pitches and sectional area proportioned, so as to sustain 
i^ith an ample margin of safety the load on the area ex- 
posed to pressure, whereas, with the flanged rings referred 
to, the steam pressure tends to keep the joints tight, in- 
dependently of the bolts or studs for securing the doors. 
The making of the joints is also much more quickly per- 
formed when internally fitted flanged rings are employed. 

Man-hole covers are usually made of wrought iron or 
mild steel ; but cast-iron and cast-steel covers are not un- 
common. They also vary considerably in form, and they 
are frequently found to be weak for the pressures they 
have to sustain, besides being awkward to handle and joint. 
Cast-iron covers and frames are very unreliable, and they 
should never be used. Cast steel, although more reliable, 
is not very suitable for the purpose, as the castings are 
often of a porous nature, and the flanges of frames made 
of this material, unless carefully bedded to the shell 
plates, are very liable to be fractured in rivetting. The 
man-hole doors, known as McNeil's "patent embossed man- 
hole doors," have been subjected to an exhaustive series of 

8 
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tests by the Board of Trade, with the most satisfactory 
lesults. These doors are of Siemens' steel, and they can 
be made to apply to either internally or externally fitted 
frames ; they can also be used for man-holes, in which the 
faces have to be set to the curvature of the shell, and when 
the orifices are cut out accurately to the makers' sizes, these 
doors can be relied upon to retain the jointing material 
jnore securely than those of the ordinary type, many of 
which are badly made and difficult to fit. 

The sizes of the man-hole openings into vertical boilers, 
except when of small diameter, should not be less than 14 
inches by 11 inches, the major axis in all cases being placed 
circumferentially, and in boilers of larger diameter the 
openings should be made to admit of easy access to the 
interior of shells. In small boilers of this type, many of 
which are 2 feet in diameter, man-holes are not permissible, 
it being a difficult matter to adequately compensate for the 
proportion of shell plating that would require to be re.- 
moved, and in such cases it is better to have small openings 
judiciously arranged in the upper portions of the shell 
similar to the mud-holes, opposite the cross tubes in fire- 
boxes, and at bottom of water space. 

Mud-holes should be fitted with stifiening or compensating 
rings, as, without such provision, it is impossible to prevent 
leakage at the joints, and consequent wasting of the plate 
edges. When practicable, flanged compensating rings, and 
embossed doors with flat faces should be used ; but when 
space is too limited to permit of this being done, the edges 
<rf the openings can be strengthened by flat rings, rivetted 
externally, the doors being set to suit the curvature of the 
shell. Boilers of small dimensions are sometimes provided 
with plug-holes, for cleansing purposes, instead of the usual 
mud- or hand-openings ; the common practice is to tap these 
lioles, and screw the tapered plugs directly into the shell ; 
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.this method, however, is very faulty, as the screw-threads 
in the thin plates are too few to withstand, for any length of 
time, the strains caused by the tightening up and unscrew- 
ing of the plugs, the result being that the holes are rapidly 
enlarged, and the threads are also liable to be further worn 
by the action of the cleaning rods. Mud-plug bosses and 
special mouthpieces can be fitted round the edges of the 

, holes, so as to prevent the wear and tear of the plate edges ; 
but such contrivances are expensive, and more liable to get 
out of order than the ordinary mud-hole door, which can be^^ 
modified to suit boilers of the smallest diameter. 

In marking off the fire-door opening into shell, due regard 
should be given to the amount of fuel space required above 
the level of the grates. When this space is too limited the 
incandescent fuel is brought into contact with the underside 
of the fire-door seam and the lap of the fire-box plate, and 
the rivets at that part are thereby subjected to much unduje 
straining. The desire to reserve space for fitting cross tubes 
into firebox is the principal reason for keeping the fire-holes 
so near the bottom ; but in boilers of average size, the dis- 
tance between the level of fire-bars and edges of fire-holes 
should never be less than 10 inches, and in the larger sizes 
this distance should be proportionately increased. When 
the ashpit space is of sufficient^depth to allow of ea§y access- 
to the interior of firebox, the fire-hole need not be more than 
10 inches by 9 inches, in shells under 4 feet diameter, but 
in boilers above this size the openings may with advantage 
be increased to the dimensions of a full sized man-hole. 

Fireboxes. — The strength of the fireboxes of vertical 
boilers, or the resistance they offer to collapsing pressures, 

. is a point that has deservedly received much attention of 
recent years from many of our leading authorities, and a 
number of rules have been given for the guidance of steam 
users and others interested. Unfortunately, however, 
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Boveral of the conclusions arrived at, and the formute 
deduced, are, to say the least, somewhat conflicting, and in 
most cases the working out of the rules is a matter beyond 
the capabilities of the average steam user and boilermaker. 
The absence of a generally accepted formula for this object 
is also the cause of not a little concern on the part of pro- 
fessional and manufacturing engineers. In designing a 
firebox for a given working pressure, it is often necessary, 
in the first place, to decide as to which of the various rules 
has to be acted upon. If the boiler is intended for service 
on a passenger steamboat, there is no difficulty in this 
respect, as it must be made throughout to the requirements 
of the Board of Trade, which admit of no modification, and 
it would doubtless save an amount of trouble if this law 
were made to include all boilers. The necessity for strict 
adherence to the Board's Rules, is not, however, generally 
admitted, with the result that a very large percentage of 
vertical boilers are still made, the fireboxes of which would 
not be passed for the working pressures they have to sustain. 
The carrying out of the requirements of the Board of Trade 
involves extra expenditure, and this is probably one reason 
why some steam users, when they have the option, prefer 
other methods of construction. It is also an important 
factor amongst competing boilerraakers, some of whom, in 
their anxiety to secure trade, make cheapness in the cost 
of construction their chief consideration ; apart, however, 
from the question of cost,, there are reliable authorities 
-who adopt a lower factor of safety for fireboxes, on 
*the ground that the results of actual tests, combined with 
.their experience in the working of vertical boilers, justify 
•them in doing so.. The methods of strengthening fire- 
*'boxes prescribed by the Rules are also held by many 
-to be . objectionable, - and under certain conditions of 
.-working to be more a source of weakne^ than a source 
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of strength. A high factor of safety (by calcuhition) may 
be obtained by the fitting of numerous water-space stays 
between the shell and firebox plates ; but if the feed-water 
contains much solid matter, and the boiler is in other respects 
subjected to unfavourable conditions, the actual factor of 
safety may be very low. These stays, it is contended, 
hamper the already confined water spaces, and as they tend 
to retain the feed-water deposits at parts exposed to the 
fiercest heat, the furnace plates are apt to be seriously 
strained and softened by overheating. They also interfere 
with cleaning operations, and are very liable to be deteri- 
orated by corrosion and the stresses to which they are 
subjected by the difference of expansion between the firebox 
and shell. In consequence of these disadvantages, water- 
space stays, unless carefully watched and tested from time 
to time, may indirectly detract to a serious extent from the 
strength of the box, and give a false sense of security. 
There is, therefore, under certain circumstances, considerable 
reason on the part of those who object to their use. A 
clear water space is at all times a point of great importance 
(but particularly so when the feed- water contains a large 
percentage of solid matter), and instances are often quoted 
to prove that such a condition is a greater guarantee of 
safety and durability than can be obtained by rigid 
adherence to rules which insist on stays being fitted. 
A working pressure of one-fifth of the ultimate strength of 
the firebox by the formula may be considered a very safe 
limit, but in the event of serious overheating it would not 
prevent a collapse from occurring, and in this respect a 
calculated factor of safety of five, offers no greater security 
against accident than that obtained by a factor of safety of 
three. 

It may be argued, that in a case of over-prsssare^ 
through a safety-valve being unduly loaded or beepming 
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inoperative, the higher margin of safety might prevent 
•^jxplosion, or, rather, make it less probable, but if the 
higher margin is obtained by complicated construction, 
which induces rapid wear and tear of important parts, 
this conclusion is open to question. It should also be 
observed that whilst working pressures (with a view to 
meeting all reasonable contingencies) should be kept well 
within the ultimate strength, it would be absurd to 
-consider the margin of safety as being intended to guard 
«,gainst accident from such abnormal and inexcusable 
causes, as shortness of water and inoperative safetj'^-valves, 
&c. Another method of adding to the strength of fire- 
boxes is by means of cross tubes, which may be flanged at 
the ends, for attachment by rivetting, or they maj^ be 
welded to the sides of the box. These tubes are some- 
times rivetted at the longitudinal seams, but in good 
practice they are now invariably welded. In either case, 
the seams or welds should be placed at the upper sides 
of the tubes, to keep them free from the direct action 
of the fire, the tubes should also be slightly inclined so as 
to facilitate the escape of the steam, and when coned tubes 
are used, the smaller ends should be the lower ones. The 
value of these cross tubes as aids towards resisting collapse, 
although very generally admitted amongst engineers, is not 
acknowledged, or allowed for, in any of the rules or 
formulae for calculating collapsing pressures, and in the 
absence of any fixed data, the designer must, consequently 
be guided by his own experience in determining to what 
extent a firebox fitted with cross tubes is stronger than one 
without. The narrow water spaces in vertical boilers do 
not admit of flanged seams or encircling hoops being used 
in the construction of fireboxes ; the flanges would also act 
as ledges for deposit, which might cause rapid deterioration, 
and until steam users will pay for corrugated or ribbed 
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fireboxes, water-space stays and cross tubes are the only 
means of Strengthening which are practicable. 

The objections to the fitting of water-space stays have 
evidently tended to increase the importance of cross tubes 
as firebox supports, and whilst there is not any acknow- 
ledged basis, a number of makers act, apparently, on the 
understanding that cross tubes when properly arranged 
impart a degree of strength equal to that obtained by 
Laving one encircling hoop or flanged seam round the 
spatjes between each set of tubes, or, in other words, those 
-who view the support afforded by cross tubes in this light, 
take the distance from bottom attachments to the centre 
of the space, between the first set of tubes, as the length 
of the box in calculating the resistance to collapse. There 
is no doubt some force in such reasoning, and until the 
point has been determined by a series of properly conducted 
tej^ts, it would be unfair to treat this view of the matter as 
unsound, all the more so seeing that there are numerous 
instances of fireboxes constructed and loaded in accordance 
with this practice, which show no indications of being 
overstrained or unsafe. Arguments against the use of 
cross tubes are occasionally advanced, and one authority, 
at least, has drawn attention to the probability of rapid 
wear and tear, if not serious accident, that might arise 
from the stresses induced by the unequal expansion of the 
various tubes. It is, perhaps, reasonable enough to argue 
that the tubes will expand unequally, and that each tube 
will also tend to force the box outwards at that part to 
which it is attached, with the result that a series of 
twisting and bending stresses will be produced, which in 
extreme circumstances might cause grooving and fracture 
tit the flanges of the tubes or distortion of the plates. 

The disadvantages here referred to do not appear to be 
of any vital importance, as, from a careful investigation 



120 VERTICAL BOILERS. 

of the reports of numerous thorough examinations, there 19 
very little to indicate that either fireboxes or tubes are 
liable to serious injuiy from these causes; whilst there is 
sufficient evidence to show that the improved circulation 
obtained, combined with the effective heating surface 
presented by cross tubes, adds to the durability and 
efficiency of vertical boilers to an extent that more than 
compensates for any disadvantage arising from their use» 
If the shells are furnished with suitable hand-holes, as they 
ought to be, opposite each of the cross tubes, there is no 
difficulty in keeping the tubes clean, and even under 
unfavourable conditions the cross tubes are not, as a 
rule, the first parts to cause trouble, while they have 
frequently been of great service in preventing total 
collapse in cases of overheating. 

In the construction of fireboxes, it is important that they 
should be made as truly circular in form as is practicable, and 
as this condition cannot be obtained except by welding or 
butting the vertical joints, it is now quite common for good 
makers to adopt one or other of these methods, but particu- 
larly the former. The objections to welding the vertical 
joints of the shells, already alluded to, do not apply in the 
same degree to the firebox joints, as they are in compression 
whilst under pressure, and there is consequently much less 
danger of a deficiency in the weld being the cause of serious 
accident. At the same time, flaws in the welding of a fire- 
box plate are liable to develop, more particularly if they 
occur at parts in contact with the incandescent fuel, and 
although the danger of explosion may not on this account bo 
imminent, such defects cannot be properly repaired, except 
at considerable expense and trouble. The welding of the 
vertical joint of a firebox is an operation which can only be 
successfully performed by men of special traiDing and ex- 
perience, as, apart from the necessity for solidity ftt theiveld,. 
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the material requires to be treated with the greatest care 
to prevent excess or reduction of the pioper thickness and 
loss of strength through undue heating, &c. The danger of 
failure in obtaining these conditions is, of course, greater 
with long boxes than with short ones, but generally, unless 
the work is entrusted to capable hands, it is safer to abide 
by the rivetted seam, with its known weakness, than to 
adopt the welded joint with its uncertain strength. There 
are, doubtless, numerous examples of sound welding, notable 
amongst which are the shells of fire-engine boilers, in which, 
notwithstanding that the joints are subjected to tensional 
stress, high pressures are carried with safety. These results 
are produced by the employment of specially trained men, 
who are furnished with all suitable appliances, and the 
manufacturers of such boilers obtain prices very much above 
the market value of ordinary boiler work. The boilers re- 
ferred to are also for the most part of very small diameters,, 
and they are invariably under the supervision of skilled 
mechanics, whose sole business it is to keep them and the- 
engines in a high state of efficiency, and this necessarily 
places them outside of all comparison with ordinary vertical 
boilers. It may also be remarked that a weld is less liable 
to be affected by being in contact with steam or water than,, 
as in the case of a firebox, where it is exposed to the f urnacer 
gases. When the water, however, contains corrosive acids- 
they not infrequently act most rapidly along the lines of 
the welds. 

The practice of rivetting the longitudinal joints of th& 
flue tubes of Lancashire and Cornish boilers is now almost 
entirely discontinued in favour of welding, and from the 
success that has attended this departure it might be thought 
that the welding of the fireboxes of vertical boilers would 
be eqjtially satis&ctory. There are several reasons, how- 
ever, which prevent this, amongst which the following are 
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worthy of remark: — The rings of plating which go to form 
the flues of a Lancashire boiler seldom exceed 3 feet in 
length, and they are effectively supported by solid flanges 
or Bolton hoops at each end, whereas fireboxes are commonly 
from 4 feet 6 inches to 6 feet in length, and they require to 
be made conical, which adds not a little to the chances of 
imperfect welding. The welded joints in the firebox of thfe 
vertical boiler are necessarily in direct contact with the 
incandescent fuel, whilst the longitudinal joints of the flues 
of a Lancashire boiler can be kept well under the level of 
the fires. The large demand for Lancashire boilers, and the 
prices they command, enable builders to provide special 
arrangements for heating, welding, and annealing, all of 
which are so essential to the obtaining of thoroughly reliable 
work, but very few of the ordinary makers of vertical boilers 
are in this position, and whilst they may improvise a fairly 
good arrangement for welding, they very rarely possess suit- 
able furnaces for annealing, which, it need scarcely be added, 
is a feature of great importance when steel is the material 
employed. It may be further remarked that the working 
conditions of Lancashire boilers are greatlj^ superior to those 
usually met with in the working of vertical boilers. This 
although probably a good reason for the exercise of special 
care in the construction of the latter, has also an important 
bearing on the question of welding versus rivetting of the 
vertical joints. 

Some builders make a practice of flanging the bottom of 
the firebox for attachment to the shell, whilst others pro- 
vide for the required water space, by inserting a solid 
foundation ring, which dispenses with the necessity for 
flanging, and when properly fitted and rivetted forms a 
substantial connection. Like many other points in boiler 
construction there is a good deal to be said for and against 
each method. The flanging of the box outwards, when 
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performed by means of repeated heating, in a common lire, 
is liable to injure the material and reduce it in thickness; 
there is also the danger of the box being knocked out of 
circular form, and when this occurs, it is very difficult, if at 
all possible, to restore its shape by the ordinary appliances. 
These disadvantages are greater or less in proportion to the 
dimensions of the box, and the care which has been exercised 
during manipulation, but their effects may be traced in a 
considerable percentage of the fireboxes so constructed, the 
excessive grooving and fracturing found at the roots of the 
flanges being quite as frequently due to such causes as to 
the wear and tear incidental to the working of the boilers. 
By means of the flanging machine, now so successfully em- 
ployed, the danger of the material being injured is almost 
entirely removed, and firms possessed of such appliances are 
quite capable of making a satisfactory connection between 
the firebox and shell. Flanged fireboxes take up more 
room than those fitted with foundation rings, and where 
vertical height is limited, this may be of some importance. 
When properly formed, the flange imparts an amount of 
elasticity which reduces the stresses on the uptake-tube 
and crown-plate flanges, and thereby lessens the tendency 
to grooving from unequal expansion. 

Foundation rings are not uncommonly made too shallow, 
their depth apparently being regulated by the width of the 
water space, which is frequently too small to allow of the 
required lap or distance between the edges of the plates 
and edges of the rivet holes. It may be very convenient 
to form the rings out of square bars, but to obtain a pro- 
portionate lap, even for single ri vetting, the ring should 
not be less than 2^ inches in depth, whatever its width, 
and in no case should the depth be less than the width. 
For large boilers, and even for small ones which are sub- 
jected to high pressures, the foundation rings should be 
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double rivetted, the rivet holes being drilled or rymered 
out perfectly fair in position, and rivetted up by macbine. 
When foundation-ring seams are rivetted by hand, they 
invariably cause trouble through leakage, owing to the 
rivets not filling the holes throughout their length, and this 
is all the more important seeing that there are two distinct 
seams to be kept tight by the same rivets with this con- 
nection, as compared with one when the firebox is flanged 
to meet the shell. 

To sura up the merits and demerits of the two methods 
for attaching fireboxes to the outer shells : —If the size of 
the box admits of its being dealt with in a modern flanging 
machine, and provided the width of bottom water space 
does not exceed 2J inches, then attachment by flanging is 
evidently the preferable method. If, however, the box is 
too large for the flanging machine, or if the flanging of the 
plate through any cause can only be effected by hand, 
attachment by means of a foundation ring will be more 
reliable than flanging, for whilst there are many workshops 
devoid of flanging machines, there are very few which are 
not furnished with a rivetting machine, and there should 
consequently be no difficulty in making sound work of the 
rivetting. When for any purpose an extra width of water 
space is required, a combination of the two methods may be 
adopted with advantage. To prevent undue length of 
rivets the foundation ring should not exceed 2^ inches in 
width, and, for obvious reasons, a flange of greater width 
than 2^ inches is equally undesirable. 

The connection between the shell and firebox, at the fire- 
door seam, should never be effected wholly by the flanging 
outwards of the firebox plate to meet the shell, as all 
experience goes to show that this seam when so formed is- 
not at all durable; the inner laps are very liable to fracture^ 
and there is considerable difficulty in preventing leakage 



CONSTRUCTION. 125 

or in making a satisfactory repair of such defects. The 
narrow wedge-shaped water space gets closed up by deposit 
which cannot easily be removed, and the inner laps, being 
thus remote from the water, are subjected to severe stress 
by the action of the fire, which, as already explained, causes, 
more or less rapidly, fracture and leakage at the seams. 
The insertion of a solid ring between the firebox and shell 
assists materially in preventing rapid deterioration of the 
fire-door seams, and such rings for boilers of average size 
mtiy be made from 1^ inches to 2 inches in width, their 
depth being kept sufficient to allow for the required lap. 
To facilitate the escape of steam the width of the water 
space should increase from the bottom upwards, a fairly 
good nile being to reduce the diameter of the firebox by 
1 inch to IJ inches per foot of height. Fireboxes so 
constnicted, although reduced to this extent in heating 
surface, give quite as good results in etficiency and duty as 
ihose which are built cylindrically, and experience has 
«hown that they are more durable. 

The following Tables of Proportions and Working-pres- 
sures for fireboxes are in accordance with the author's 
general practice, and, as the range of sizes given includes 
the majority of vertical boilers in use for general purposes, 
it has been thought that this method of presenting the sub- 
ject would be more serviceable than any mere statement of 
rules. Special circumstances do arise from time to time 
•which render some modification of the particulars in the 
tables necessary, but these, like all other exceptional matters 
in the working of boilers, can only be dealt with after care- 
ful investigation by engineers of experience. For working- 
pressures, in excess of those allowed by the table, the fire- 
l>oxes require to be strengthened, and whilst this may be 
«fiected by increasing the plate thickness, such a course is 
not recommended except under special circumstances, and 
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in no case should the plates, even for the largest" fumg^ses^ 
be more than ^ inch in thickness. The additional strength 
teqnired for higher working pressures may be obtained by- 
having one or more rows of stud stays screwed through the 
plates of shell and firebox, the ends being rivetted over, «^nd, 
notwithstanding the objections sometimes urged against the 
use of these stays, there does not appear to be any better 
means of obtaining the object aimed at. 

When stud' stays require to be fitted to fireboxes of the 
proportions given in the table, the rule is to make them 
|-inch in diameter for the smallest firebox, and to increase, 
their diameter by xV^h of an inch for each succeeding size 
of firebox, until the stays reach a diameter of IJ inches, 
a uniform pitch of about 7 inches being used for each 
boiler. The strength imparted by stays of the (iia.meters 
-and pitch here given is usually accounted as equal to that 
obtained by attaching a flanged encircling hoop to a fur- 
nace tube ; as, for instance, if a firebox 5 feet high be fitted 
with one row of stays at the centre of its height, its length 

5 

for the purpose of calculation is then taken as L'= ^= 2*5 

feet, which, it will be seen, just doubles the calculated 
working pressure. These stays, however, are subjected to' 
deteriorating influences which do not affect the screws or 
rivets by which encircling hoops are secured to furnace 
itubes, and, as they are consequently more liable to become 
weakened, they should not be relied upon to the extent 
explained. Under ordinary conditions 75 per cent, of this 
•result may be taken as a fair estimate, but in the event of 
the feed- water being of a corrosive nature, 60 per cent. 
may be sufficient, and it is important that stud stay§ sh^Quld 
bfe i[requently exsmiined and tested, one, or more beting 
drilled out from time to time to ascertain their actual con- 
dition. 
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The formula by which the pressures in the table are 
calculated has been simplified as much as possible, and it 

is as follows: — -fyfi where c is a constant which is varied 

according to the construction of the firebox, t the thickness 
of the plate in thirty-seconds of an inch, D the external 
diameter of the firebox in inches, and L the greatest dis- 
tance in feet between supports. The variations of the 
constant are as follows : — ' 

C = 80. — When the vertical seams are lap-jointed, the 
firebox being made as truly circular as is practicable 
by this method of construction. 

C = 85. — When the vertical .seams are welded, or butt- 
jointed, and fitted with covering straps. 

C = 90. — When the vertical seams are lap-jointed, an4 
the firebox is fitted with cross tubes as per table. 

C = 95. — When the vertical seams are welded, or butt- 
jointed, and the firebox is fitted with cross tubes as 
per table. 

It is understood that the fireboxes are to be made of mild 
steel, or a high quality of iron", and that when the vertical 
seams are lap-jointed, the deviation from true form will 
not exceed the thickness of the plate. Should the quality 
of the material and workmanship be of a questionable or 
doubtful nature, or should the firebox be defective in any 
respect, it will be necessary to reduce the constants more 
or less, but when the fireboxes are made of suitable 
material, and the construction is in accordance with good 
modern practice, the working pressures in the table are 
sufficiently within the ultimate strength to insure safety. 
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MOUNTINGS. — The mountings supplied with vertical 
boilers are not infrequently of very indifferent quality, 
and in other respects they are sometimes ill suited and 
badly arranged for their various purposes. Instances of 
undue "wear and tear/' as well as serious accident, from 
such causes are well known to all who have given the 
matter any attention, and there is probably no economy 
less worthy of the name than that which is foolishly 
exercised in reducing the fii-st cost of boilers by fitting 
them with the cheapest mountings in the market. The 
frequent changes that are made amongst the attendants 
of vertical boilers, together with the irregularities in work- 
ing, to which they are more or less subjected, render the 
selection and arrangement of the mountings all the more 
important, and the following descriptive sketch of mount- 
ings may therefore be of service. 

Branches. — Branches should be rivetted to the boilers 
for each of the following mountings, the flanges next the 
plates being accurately bedded and jointed to the curvature 
of the shell or crown plate as required. The somewhat 
common practice of bolting mountings direct to the plates 
is the cause of much trouble, and in the end proves a most 
costly proceeding. Cast-steel blocks are more easily manu- 
factured and fitted to the crown plates than stand-pipe 
branches, but the latter when made of wrought iron or 
wrought steel are neater and preferable for mountings 
-which are to be attached to the shell plates, and this course 
IS usually recommended. The joint or outer flanges should 
be scraped up, so as to be steam-tight, with a thin coating of 
red lead, and due attention should be given to the diameter 
and pitch of the bolt-holes in the flanges, the latter being 
frequently too wide to prevent springing and leakage at 
joints quite perfect in all other respects. 

Stop- Valves. — Many vertical boilers are not furnished 

9 
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with independent stop-valves, but, except in those cases 
where the distance between the boiler and engine is very 
limited, and when the connections are of a permanent 
nature, there should invariably be a reliable stop-valve 
fitted direct to the branch on the crown plate, in addition 
to the stop-valve usually attached to the engine cylinder. 
The steam pipes between a vertical boiler and engine are 
more liable to injury from falling objects, &c., than those on 
fixed boilers ; their erection is also, as a rule, of a more 
temporary character, with the result that breakages and 
leakages are by no means uncommon occurrences, and, to 
prevent undue delays, if not more serious trouble, from such 
causes, it is very important that the stop-valves should be 
of reliable manufacture, and jointed direct to boiler as 
explained. The dimensions of stop-valves will vary accord* 
ing to pressure and other circumstances, but for general use 
and ordinary pressures a boiler 3 feet in diameter may be 
fitted with a stop-valve 2^ inches in diameter, and for each 
succeeding size of boiler up to 6 feet the diameter of the 
stop<valve should be increased by one quarter of ah inch. 

Safety-Valves. — A thoroughly reliable safety-valve is a 
necessity for all boilers, but, having regard to the irregu- 
larities which so often occur in the working of those of the 
vertical type, the greatest care is required to guard against 
accident arising from their safety-valves becoming defective* 
The objections advanced against the use of lever safety- 
valves, whether of the open or enclosed types, are specially 
applicable when they refer to vertical boilers, particularly 
such as are subject to frequent removal and changes of 
attendants. The safety-valve should be as compact as 
possible, so as to render its detachment unnecessary when 
the boiler is being removed from one place to another ; it 
should also be designed so as to reduce or remove all 
chances of overloading, and its working parts should be as 
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few as practicable. These conditions may be said to exist 
in a properly designed valve of the directly loaded type, 
and it only requires the exercise of a little care in selecting 
from the catalogue of a good maker to secure the most 
suitable valve for the particular circumstances of each 
boiler. The ordinary dead weight valve may be used for 
boilers which are in stationary positions, but for boilers 
employed on steamboats, and cranes, &;c., it is more satis- 
factory to use safety-valves which are loaded to the 
maximum working pressures by means of direct springs. 
Safety-valves are sometimes found attached to steam pipes or 
arranged as portions of the stop-valve castings, the apparent 
object being to avoid the necessity of making a separate 
outlet for the safety-valve ; but, whilst it is desirable that 
the number of openings into the boiler should be no greater 
than what is actually required, it is absolutely necessary 
that the safety-valve should be what the name signiiSes^ 
and the practice of attaching it to steam pipes or stop-valves 
may be viewed as little short of an attempt to entirely 
dispense with the use of this important fitting. When 
fixed on the steam pipe, the connection between the safety- 
valve and the boiler may be interrupted at any moment by 
the closing or even partial closing of the stop-valve, and 
when attached to, or made to form a portion of, the latter, 
its action is very uncertain ; in short, all experience goes to 
show that the safety-valve should be quite independent of 
other mountings, and that it should be fixed direct to a 
branch on the crown plate of the boiler. It should also be 
tested by raising the steam to blowing-off pressure at least 
once per day, and it should be taken apart periodically for 
inspection and overhaul. 

To find the proper areas of safety-valves see Table on 
page 21. 

Feed-Valves.— The dangers attending the use of ordinary 



132 VERTICAL BOILERS. 

Btop-taps or valves, as a means of regulating the feed and 
preventing the water from being blown back, are too obvious 
to call for special reference, but it may be stated that the 
practice is not yet obsolete, notwithstanding the bitter ex- 
perience that many have had. 

Every boiler should be furnished with a feed-valve of the 
independent check or non-return type, having a screwed 
spindle for regulating the lift, and this fitting should be 
jointed direct to the rivetted branch on shell plate. There 
are evidently many opinions regarding the best position for 
the feed-valve on a vertical boiler, as they are found jointed 
at all parts under the water line. The question of con- 
venience in the piping arrangements has, perhaps, a con- 
siderable influence in determining the exact point, and this 
doubtless accounts for so many boilers having the check- 
valves attached so as to deliver the feed at, or about, the 
bottom of the water space. The feed-pipes of Lancashire 
and Cornish boilers are almost invariably arranged so as to 
discharge about 3 inches above the furnace crowns, the object 
being to prevent draining or syphoning to a dangerous ex- 
tent in the event of the check-valve being gagged or becoming 
defective, in which case the water, when at the level of the 
feed-pipes, would cease to be blown back, and thereby save 
the plates from injury by overheating. For the same reason 
the feed-pipes of multitubular and plain cylindrical boilers 
are usually kept a few inches above the tubes or plates ex- 
posed to the direct action of the fire, and apart from other 
advantages claimed for this method of introducing the feed- 
water, the one just explained is of sufficient importance to 
justify its adoption, there being many instances on record 
of collapses and overheating which would have been pre- 
vented had the feed-pipes been set in this manner. The 
precaution taken to guard against accident arising from 
defective check-valves is most applicable to the circumstances 
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of a large number of vertical boilers. The feed-water is 
often of a gritty nature, and the margin between the work- 
ing level and furnace crown is small. The maintenance of 
the mountings is also a matter which receives but indif- 
ferent attention, and the feed- valves are consequently very 
liable to leakage through gagging or wear and tear of the 
bearing surfaces. The feed-water for vertical boilers is not, 
as a rule, heated to any useful degree before discharge, and 
when allowed to impinge against the firebox there is con- 
siderable danger of the plate being fractured by the sudden 
contraction of the part affected. For the reasons just ex- 
plained, the centre of the feed inlet should be fixed at a point 
about 3 inches above the highest part of the firebox crown 
plate, and an internal T pipe should be attached so as to pre- 
vent the cold water from impinging on any part of the 
firebox or uptake-tube. The dimensions of the feed-valves . 
for vertical boilers are usually too small, and the delivery 
branches are occasionally placed in such a position that the. 
boiler pressure acts against the side of the valve instead of 
directly over it, the tendency being to keep the valve from 
closing properly after the pump or injector has ceased 
working. 

Water Gkinges. — One glass- tube gauge and two test-taps- 
are the usual complement of water gauges on a vertical boiler. 
The test-taps, however, are very rarely used, and they soon 
become inoperative, which is pretty much the condition of 
the test-taps on all land boilers. It has, therefore, beea, 
found more satisfactory to dispense with them and ta 
furnish each boiler with two glass-tube water gauges. There 
are several recognised makera of glass-tube gauges whoso 
workmanship and material are thoroughly reliable, and as 
the taps of these gauges require to be frequently worked for 
testing purposes, none but those of good material and 
proper design can withstand the wear and tear, which 
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is often aggravated by the presence of grit and other foreign 
matter in the water. The taper of the taps, to insure 
easy working, should not be less than ^th per inch of 
length, and allowances require to be made for regrinding the 
bearing surfaces as they become impaired. The practice of 
securing the taps in position by nuts and washers, at one 
time so common, has been discontinued by good makers. 
'The screws at the ends of the taps were very liable to be 
broken or stripped when being tightened up, a process, it 
may be remarked, which was too frequently resorted to as 
a means of preventing leakage. The smaller ends of the 
barrels are now made solid, the open ends being furnished 
>?v^ith stuffing boxes into which the glands are screwed so as 
to hold the taps securely in position, and in gauges of the 
best types the barrels are arranged for holding asbestos 
packing, which adds greatly to their durability. The steam 
and water thoroughfares should be made easily accessible, 
,«,s they are always more or less liable to be choked, and 
they require to be regularly sponged out. Inattention to 
this precaution is almost certain to render the gauges unre- 
liable, and it has led to the collapse of furnace crowns in 
many instances. The sponging out of the water passages is, 
as a rule, fairly well attended to, but the steam passages are 
often neglected, and there are boiler attendants who consider 
it quite unnecessary owing to the outlets being well removed 
from substances such as would cause obstruction. This, 
however, is an erroneous conclusion, and particularly so with 
reference to the gauges on vertical boilers. When priming 
occurs the scum on the surface of the water and the fine 
solid matter held in suspension are carried up into the steam 
epace, and the passages of glass gauges, steam gauges, and 
other fittings are often choked up, or partially so, by this 
means. The steam disengaging surfaces of vertical boilers, 
being of limited area, render them very liable to priming 
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when the feed-water is dirty, or when the fires are forced, 
both of which conditions are often met with, and the pre- 
<Jautions just explained are consequently all the more neces- 
sary. In the event of the steam passages becoming choked, 
or even partially closed, the pressure above the water in the 
glciss tube would be reduced, which would cause the indicated 
water level to rise proportionately higher than the actual 
level in the boiler, and the gauge would indicate a sufficiency 
of water, even after the level in the boiler had become so 
low as to cause overheating and collapse of the furnace plates. 
An obstruction in the water passages would produce some- 
what similar results, for although water may be prevented 
from entering the glass tube through the usual channel, 
the tube would still be filled with water by the condensa- 
tion of steam from the upper end, and attendants have 
thereby been deceived as to the actual level of the water 
in their boilers. When new glass tubes are being inserted 
•care should be taken to ascertain that they do not overlap 
the passages, and, as proper means for cutting glass tubes 
to correct lengths are not always at hand, it is important 
that a few spare glasses with the necessary packing should 
be kept in stock. To prevent the shell plates from being 
corroded by the blowing through of the gauges, suitable 
drain pipes should be attached to the bottom taps, and the 
gauges should be set . and tested from time to time, as 
explained on pp. 5 and 6. 

Blow-off Cocks. — The judicious use of the blow-oiF tap, so 
beneficial to most boilers, is a practice which is seldom 
carried out in the working of vertical boilers, and this is 
chiefly due to the unsuitability of the taps supplied; they 
are usuall}^ too small to be of much service in carrying 
away the solid matter deposited from the feed-water, and 
they are frequently found in a leaky condition and in- 
operative. The conditions attending the working of ver- 
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tical boilers are doubtless v^ry trying at times, but they 
simply point to the greater necessity for having the blow- 
off taps made of good design and material, if such mount- 
ings are to be of any use whatever. The "gland tap'' 
blow-off cock, when made throughout of gun-metal and 
properly proportioned, acts fairly well, but, like the water 
gauge, it has been greatly improved of late years through 
having the barrel arranofed for the insertion of asbestos, 
packing, by which it is much better adapted for with- 
standing the somewhat severe tests incidental to the work- 
ing of vertical boilers. As a precaution against accident, 
the blow-off cock should be arranged so that the spanner 
for turning the plug cannot be applied or removed except 
when the plug is closed. The most recent departure in 
the design of the blow-off apparatus is that known as the 
"Parallel Slide- Valve Blow-off," and, judging by the results 
so far obtained from its working, it appears to justify the 
confidence of those who have adopted it. This "blow-off" 
requires no packing, and its construction effectually re- 
moves any tendency to become fast or stiff in working, 
such as frequently proves so troublesome in the use of the 
ordinary blow-off cock. The valve is actuated by a rack 
and pinion which admits of easy manipulation, and gener- 
ally this arrangement seems to be well adapted for over- 
coming the difiiculties so commonly experienced by the use 
of ordinary blow-off cocks on vertical boilers. 

Steam Qauges. — Of all the mountings attached to the 
ordinary vertical boiler, there are none more difficult to 
keep in order than steam gauges. The variations of 
pressure (sometimes sudden), the exposure to all kinds of 
weather, and the exigencies common to many boilers of this, 
type, affect the pressure gauges materially, and frequently 
render them useless. It is, therefore, of special importance 
tlmt only gauges of the best construction should be used^ 
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and that they should receive the most careful attention. 
The "Bourdon" gauge, previous to the expiry of the patent^ 
was one of the most reliable and durable of steam pressure 
indicators, but now that the patent is lapsed, there are 
hundreds of the so-called Bourdon gauges which are vvorsfe 
than useless, ^nd in specifying it is necessary to add the 
words, " Bourdon's own make," or to select a manufacturer, 
whose reputation will be a guarantee for the supply of a 
really good article. The gauges manufactured by Schaeffer 
& Budenberg have also attained to a high degree of 
efficiency, many of the recent improvements made by this 
firm being admirably adapted for the requirements of the 
increased pressures now becoming general. The pipe con- 
necting the steam gauge to the boiler requires to be ar- 
ranged so as to insure the presence of a body of water 
between the gauge and the steam space ; the water fills the 
spring, or space under the diaphragm, and becomes the 
medium for transmitting the pressure. By such means the 
spring, or diaphragm, is kept at a low and fairly uniform 
temperature, both of which conditions have an important 
effect on the durability of the gauge. The connection to 
the boiler should be fitted with stop-taps, suitably placed, 
80 as to allow of the gauge being detached for testing or 
repairs whilst the boiler is under steam, and also for blow- 
ing out or clearing the pipes without requiring to remove 
the gauge. The ordinary methods of connecting steam 
gauges by bent tubes are effective so long as the tubes 
are in order, but as these are difficult to clean, and cannot 
be emptied without removing the gauge, the pipes are very 
liable to be neglected and destroyed during frosty weather. 
The steam-gauge pipe should be connected direct to the 
boiler, the dial being in as prominent a position as possible, 
and all available means should be adopted for its protection. 
The practice of fixing gauges on the steam pipes is danger- 
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ous, inasmuch as they may be cut off from the boiler by the 
closing of the stop-valve, and in any case the flow of steam 
in the piping prevents them indicating the actual pressure 
in the boiler. The steam gauge should be checked by the 
blowing-off pressure of the safety-valve, and when they 
-do not agree the former should be tested. All gauges 
should be graduated to double the intended working 
pressure, and the maximum load allowed on the safety- 
valve should be clearly indicated by a red line on the dial. 

Fusible Plng^s. — As a stand-by in the event of low water 
a good fusible plug is of the greatest service, and, although 
instances may be cited wherein it failed at the all-important 
moment, 3uch failures are generally due to the absence of 
ordinary care in the cleaning or changing of the alloy. The 
position of the fusible plug necessarily keeps it out of view, 
and as its reliability cannot be determined, except during a 
grave emergency or by a special test, it is very often for- 
gotten during the working of the boiler, and neglected when 
the boiler is off. The melting point of the fusible metal is 
raised considerably by the prolonged action of the heat, and 
even in plugs of the best design it has been found necessary 
to renew the alloy at least once a year. When the metal is 
in direct contact with the water, particularly if of a corrosive 
nature, this hardening tendency seems to be greater, and 
as the metal is otherwise deteriorated by corrosive action, 
plugs so designed require to be more frequently changed. 
The importance of keeping the fusible metal from direct 
contact with the fire and water is now very generally 
recognised. It is also important that the plug should be 
constructed so as to allow of the metal being replaced 
without ditficulty, as the absence of this feature is a common 
cause of complaint, and accounts for much of the apparent 
neglect on the part of boiler attendants. The ** Lancashire 
Fusible Plug," whilst possessing all the advantages of other 
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good plugs is also designed to meet the requirements just 
explained, and special sizes of this plug are manufactured 
for vertical boilers. To obviate delay in the event of a 
plug being melted out, as well as to provide for the .annual 
renewals under ordinary circumstances, a number of fusible 
eones should always be kept in stock, and those responsible 
for the boilers should be warned of the necessity for cleaning 
the plugs and renewing the fusible metal as required. 



MANAGEMENT OF VERTICAL BOILERS. 

The situation of a vertical boiler should always be such 
as will allow of easy access to every part of the external, 
shell, and to guard against the bottom seam or ash-pit plates 
being corroded by contact with ashes or moisture, it is 
desirable that the boiler should be set on iron pedestals, 
which would also facilitate the cleaning and inspection of 
the interior of the firebox. When the boiler is thoroughly 
protected from exposure to the weather it should be covered 
with a good non-conductive composition, but if placed out- 
side or only partially protected it is. better to scrape and 
paint the shell plates from time to time as required. 

The duties of boiler attendants may be briefly summarised 
as follows : — 

(1) Ascertain by careful examination that the boiler, 
mountings, and feed pump are in reliable working order. 

(2) Before kindling the fires check the indicated water 
level by proper trial of the gauges (see pages 5 and 6). 

(3) Be certain that the blow-off apparatus is properly 
shut off. 

(4) Allow at least one hour for the raising of steam in 
small boilers, and one and a-half hours for those of the 
larger sizes. Forced or rapid firing is a dangerous practice 
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in every case, but particularly so with vertical boilers when 
raising ste^im from cold water. 

(5) Do Dot open the fire door oftener than necessary, and 
keep it open for as short a time as practicable. 

(6) Try the safety-valve as the i>ressure rises, and when, 
at its maximum check with steam gauge. 

(7) Maintain as nearly as possible a uniform water-level,, 
and ascertain by the temperature of the feed pipe or con- 
nection that the back pressure valve is tight. 

(8) Check the working of the mountings regularly, par- 
ticularly the safety-valves and water gauges. If the water 
flows into the glass tubes sluggishly clean out the passages. 
Keep the boiler and mountings tidy, and do not allow 
ashes or refuse to lie on the footplates. 

(9) If the glass gauges or engine cylinder show priming,, 
check the fire and outflow of steam, blow off" a little, and 
pump in fresh water ; if priming continues have the boiler 
and feed tank cleaned out. 

(10) Report all defects to the manager or inspecting^ 
engineer, and keep a careful note of such reports, as they 
may be valuable in the event of explosion or accident 
occurring. 

CLEANING 

(1) Draw the fire or allow it to burn out, and do not blow^ 
off until the boiler is cool. 

(2) Always ease the safety-valve before slackening the 
man-hole joints. 

(3) Open all hand- and mud-holes, and remove any scale 
or loose deposit at water side of plates and tubes. Binisl> 
the soot from fire side of plates and cross tubes. 

(4) Examine all mountings, clean out watergauge passages^ 
and scrape or renew the cap of fusible plug as required. 
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(5) Have all leakages attended to and examine plates and 
uptake-tube for corrosion, grooving, or other defects. 

(6) Before filling with water be certain that no tools or 
blocks, &c., are left in the boiler. 

(7) If the boiler is to be laid aside for a time, remove 
man-hole and mud-hole covers, and keep the boiler in a dry 
situation. Wash out and examine ph\tes and mountings 
before refilling for work. 

(8) In frosty weather take precautions to prevent freezing 
of the water in the boiler during the night. Shut the 
water gauge taps ; empty the ghiss tubes and drain the 
5team gauge connections. Examine also the feed pipes and 
pump or injector connections before starting. 

The heating of the feed -water for vertical boilers adds 
greatly to their durability, and when there is no properly 
arranged feed-heating system, injectors should be used in 
preference to pumps. On no account should the feed- 
water be heated by contact with the exhaust steam, as by 
this method the cylinder lubricants obtain access to the 
boiler and are certain to cause much undue wear and tear, 
besides endangering the safety of the boiler through over- 
lieating of the furnace plates. The gain in economy to be 
•derived by heating the feed-water in this manner is usually 
very small, whereas, with a separate feed-heater a marked 
-decrease of the coal consumpt may be effected. 



STEEL BOILERS. 



1^1 r|A"| r|,v|r \^'\r ||r 1^" 


r 


A' 


1' 


A" 


r 


r 


30 


85 


1266 


1467 


1628 


1808 


30 


33 


526 


657 


789 


921 


1052 


1184 


1315 


657 


822 


986 


1151 


1315 


1479 


1644 


33 


36 


482 


603 


723 


844 


964 


1085 


1205 


603 


753 


904 


1055 


1205 


1356 


1507 


36 


3S 


445 


556 


668 


779 


890 


1002 


1113 


556 


696 


835 


974 


1113 


1252 


1391 


39 


42 


413 


517 


620 


723 


827 


930 


1033 


517 


646 


775 


904 


1033 


1162 


1292 


42 


45 


386 


482 


579 


675 


771 


868 


964 


482 


603 


723 


844 


964 


1085 


1206 


45 


48 


362 


452 


543 


633 


723 


814 


904 


452 


5S5 


678 


791 


904 


1017 


1130 


48 


51 


340 


425 


511 


596 


681 


766 


851 


125 


531 


638 


745 


851 


957 


1063 


61 


64 


321 


402 


482 


563 


643 


723 


804 


402 


502 


603 


703 


804 


904 


1005 


54 


67 


304 


381 


457 


533 


609 


685 


761 


381 


476 


571 


666 


761 


857 


952 


67 


60 


289 


362 


434 


606 


579 


651 


723 


362 


452 


543 


633 


723 


814 


9M 


60 


63 


275 


344 


413 


482 


551 


620 


689 


344 


431 


517 


603 


689 


775 


861 


63 


66 


263 


329 


394 


460 


526 


592 


657 


329 


411 


493 


575 


657 


739 


822 


66 


69 


252 


314 


377 


440 


504 


666 


629 


314 


393 


472 


550 


629 


708 


786 


69 


72 


241 


301 


362 


422 


432 


543 


603 


301 


377 


452 


527 


603 


678 


753 


72 


75 


231 


289 


347 


405 


463 


521 


579 


289 


362 


434 


506 


579 


651 


723 


76 


78 


222 


278 


ai4 


389 


445 


501 


556 


278 


348 


417 


487 


556 


626 


696 


78 


81 


214 


266 


321 


375 


m 


482 


536 


268 


335 


402 


469 


536 


603 


670 


81 


84 


207 


258 


310 


362 


413 


465 


517 


258 


323 


387 


452 


517 


681 


646 


84 


87 


200 


249 


299 


349 


399 


449 


499 


249 


312 


374 


436 


490 


561 


623 


87 


BO 


193 


241 


289 


338 


386 


434 


482 


241 


301 


362 


422 


482 


642 


603 


90 


93 


187 


233 


280 


327 


373 


420 


467 


233 


292 


350 


40S 


467 


525 


583 


93 


96 


181 


226 


271 


316 


362 


407 


452 


226 


283 


339 


396 


462 


509 


666 


96 


99 


176 


219 


263 


307 


351 


394 


436 


219 


274 


329 


384 


438 


493 


648 


99 



r 



STEEL BOILERS. 



144 



SPECIFICATION OF A LANCASHIRE BOILER FOR A WORKING 
PRESSURE OF 200 LBS. PER SQUARE INCH. 

Dimensions and Particulars. 

Length of boiler, 

Diameter of shell, . . • 

J)iameter of furnace tubes — 

First eleven rings to he 

Twelfth ring to be tapered to 

Thirteenth ring to be parallel, 
Diameter of rivet holes — 

Shell, butt joints, 
,, circular joints, . 

Furnace tubes. 

Gusset stays, 
Diameter of bolts, gusset-stay plates, 
'Thickness of plates — 

Shell, 

Furnace tubes, 

,, caulking rings, 

Ends, 

Butt straps, .... 

Gusset-stay plates, . • 
Shell angle rings, ... 
*Ousset angle bars, • • • 
Weight of plates — 

Shell, . . • • • 

Furnace tubes, , , , 

Ends, . . • • • 

Butt straps, . • • • 

Gusset plates, • • • 



30 ft. 


in. 


7 ft. 


6 in. 


2 ft. 


lOJ in. 


2 ft. 


4jin. 


2 ft. 


4| in. 




Jin. 




liin. 




Jin. 




i in- 




l|in. 




i in. 




fin. 




4 in. 




i in. 




Hin. 



G in. X 6 in. X J in. 
5 in. X 54 in. X } in. 

35*7 lbs. per sq. ft. 

25-5 

30-6 

331 

35-7 






ft 
if 



^o^c— The diameter of the shells and furnace tubes to be measured 
internally, that of the shell being measured inside the outer rings of 
plates. 

Materials. —The shell plates, butt stra^^s, and end plates to be made 
of Siemens-Martin steel, having a tenacity not exceeding 32 tons per 
square inch, or less than 28 tons, and to aiford an elongation of at least 
"20 per cent, in a test piece 10 in. long. 

Angle Rings and Furnace Tubes to be made of Siemens Martin 
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vteel, having a tenacity not exceeding 28 tons, nor less than 24 tons per 
square inch, and to have an elongation of at least 25 per cent, in a length 
of 10 inches. 

Brands. — Each plate to be branded and numbered, care being taken 
daring construction that the numbers and brands will be in a prominent 
position. The tensile strength and ductility of each plate to be stated on 
the record of tests furnished by the manufacturer. 

Tost Strips. — Strips from the plates of shell, furnace tubes, and &n^\e 
bars are to be capable of being bent cold to a radius of one and a-half times 
the thickoess of the plate, without fracture, after having been heated to a 
cherry red and plunged into water of 80° F. The welding properties of 
strips taken from the angle bars and furnace plates are also to be 
ascertained by actual trial, and generally the materials are to be capable 
of withstanding the various tests to the satisfaction of the Inspector 
appointed for the purpose. 

Rivets. — To be of specially selected rivet steel, the tensile strength of 
which shall be from 26 to 30 tons per square inch, and the elongation in a 
length of 10 inches to be not less thiein 23 per cent. Samples of the rivet 
fitecl are to be submitted to bending, breaking, and flattening tests. 

Construction. — The shell to consist of nine parallel belts of plating of 
equal width, alternately in and out, the first belt of plates being an outer 
one. Each belt to be formed of one plate, and all to be made perfectly 
cylindrical. 

Seams of Rivets. — The longitudinal seams of shell to be butt jointed, 
with cover straps inside and outside, and to have three rows of rivets at 
each side of the butts, or six rows in all, the outer rows being spaced at 
twice the pitch of the inner rows. These seams to be at the upper side of 
boiler, right and left sides alternately, and to be arranged so as to clear the 
brickwork and mountings. The circular seams to be double rivetted with 
lap joints. 

Butt Straps. — The ends of the butt straps, where they tuck under the 
ring seams, may be thinned by planing or by forging. If the strips arc 
heated for forging or bending they should be afterwards annealed. 

End Plates. — Each end plate to be rolled in one piece. The front end 
to be attached to shell by a solid welded angle steel ring, which shall be 
fixed externally, the back end plate being flanged to meet the shell. The 
edges of both plates and angle rings to be neatly turned up, and the holes 
for fines to be cut out by machine. 

Stays. — The steam space portion of end plates to be strengthened by 
means of six gusset-plate stays, the total section of which must not be less 
than 70 square inches when measured at their weakest parts. The bottom 
rivets in all the gusset-stay angles on the end plates must be concentric with 
the rivets joining the furnace tubes to the end plates, and the distance 

10 
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between the bottom rivets of stays and the rivets joining the internal floes 
to be 9 inches. Each end plate to be strengthened below the furnace tubes 
by means of two gu'::set-plate stays at front end and three at back end, all 
the gussets being imited to shell and ends by doable angle bars. The 
gusset plates to be secured to shell and end plate angles by turned bolts of 
the diameter specified, the holes for these bolts being broached out when the 
plates and angles are in position. 

Furnace Tubes. — The furnace tubes to be truly cylindrical, the longi- 
tudinal joints being welded. Each tube to consist of not less than 13 belts 
of plating united to each other by Adamson's flanged seams, having solid 
caulking rings between each. The flanges for the attachment of the tubes 
to each end plate are also to be strengthened by means of steel collars of 
same thickness as tubes, which are to be shrunk on and flanged with the 
tube plates, and rivetted to them by rivets pitched about 6 inches apart, or 
as an alternative the furnace tubes may be attached to end plates by solid 
flanged collars. Care must be taken to prevent the circular seams of furnace 
tubes from falling in line with each other or with those of the shelL Each 
furnace tube to be fitted with four of Galloway^s steel cross pipes, the first 
of which shall be placed vertically in the fifth belt of plates, the others being 
fitted in the seventh, ninth, and eleventh belts of plates, and set towards 
right and left sides alternately at an angle of 30 degrees from the verticaL 
Each furnace tube to taper at the last belt but one from the back end, the 
last belt in each being made parallel to the diameters specified. Each 
furnace tube to be tested by hydraulic pressure to 100 lbs. per square inch 
before being placed in position. 

Rivet-Holes. — ^All rivet-holes to be drilled full size through the solid 
plates, and wherever practicable, the plates, angles, and flanges are to be 
drilled in position. The holes are afterwards to be slightly counter sunk 
at the rivet heads, and care must be taken to remove the burr from 
between the plates. Should any of the holes be unfair when the plates 
are drawn up, they must be carefully broached out before rivetting, and 
any hole which cannot be drilled in position must also be broached out 
after the parts have been put together, the drilled diameter of the holes 
being kept slightly under full size to allow of this being done. 

Riyetting^. — To be done wherever practicable by machine. 

Edges of Plates. —The edges of all the plates and butt straps through- 
out the shell to be planed, the front and back-end plates- to be turned at 
the furnace tube openings, and the outer edges of the seams of the furnace 
tubes to be faced in machine. The distance between the centre of rivet 
holes and edges of plates to be equal to one and a-half times the diameter 
of the rivets. 

Caulking. — The seams throughout to be caulked or fullered internally 
and externally. 
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Sketches. — The details of construction are throughout to be in 
accordance with the accompanying drawings. 

Flanging and Welding.— These to be done with the special tool9 
and appliances for such purposes, and all plates which have been worked 
in the fire are afterwards to be annealed when completed. 

Inspections during Construction.— The makers, in addition to 

advising purchasers when the plates are to be tested at the Steel Works, 
M'ill also be required to send notice at the following stages of construe* 
tion : — 

1st. When the plates are being drilled, and before ri vetting is begun.. 

2nd. When they are in process of being ri vetted. 

3d. When the shell is completed, and before the flues are put into 
position. 

4th. When the flues are prepared for testing previous to being placed in 
shell. 

6th. When the boiler is completed and ready for being tested. 

In addition to these special inspections, the boiler must be open to 
examination by the purchaser's inspector at all reasonable times during 
construction. 

Tests, — The boiler to be tested to 300 lbs. per square inch by water 
pressure in the maker's yard, and to sustain the same to the satisfaction of 
the Inspector appointed for the purpose. The boiler must also be tested 
when it has been placed on its seating at the purchaser's works, with all 
the mountings in position except the safety-valves, it being understood 
that these valves will be tested and guaranteed by the makers. The date 
of make and pressure to which the boiler is tested, and the initials of the 
Inspector to be legibly stamped on the front end plate. 

MOUNTINGS AND FITTINGS. 

Steam Stop- Valve. — One steam stop- valve, 6 inches diameter, having 
malleable-iron crosshead and wrought-iron pillars, by approved maker, the 
name of maker being stated in tender. 

Safety-Valves. — One direct spring loaded safety-valve, 24 inches dia- 
meter, and one combined high-pressure and low-water valve, 2^ inches 
diameter, both of which are to be set for a maximum pressure of 200 lbs. 
per square inch. The names of makers and the number of these valves 
on makers' catalogue to be stated in tender. 

Feed- Valve,— One combined feed-regulating and back-pressure valve, 

2 inches diameter, to be attached on top of first ring of sliell plates, and 
to be fitted with an internal pipe arranged to discharge horizontally about 

3 inches above the level of the furnace crowns. Suitable hand wheel and 
gear to be provided for operating feed- valve from foot plate. 



148 SPECIFICATION OF A LANCASHIRE BOILER. 

Water Gauges. — Two sets of asbestos packed water gauges of an 
approved automatic type, having the tubes protected by shields of wire 
gauze or strong plate glass. Each gauge to be united to rivetted branches 
by flanges, and to be provided with a solid drawn copper drain pipe of 
suitable length. The water level to be 5 inches above the furnace crowns 
when it is visible at bottom of glass tubes. 

Water-Level Pointer. — One bnass water-level pointer of neat design 
to be fixed at a height of about 10 inches above the furnace crowns. 

Steam Gauges. — Two 7-inch steam-pressure gauges of Bourdon's or 
Schaeffer & Budenberg's s^iecial make for high pressures, graduated to 300 
lbs. per square inch, and fitted with syphon and testing taps complete. 

Testing Tap. — A steam tap with union for Richard's indicator to be 
attached in convenient position for testing the pressure gauges. 

Blow-off Tap and Bend.— One 24 inch asbestos-packed blow-off tap, 
or one Patent Equal- Expansion Shell Tap, entirely of gun*metal, and con- 
structed so as to prevent the key being removed until the tap has been 
closed. 

One cast-steel elbow pipe of approved form, having an internal diameter 
of 6 inches at its upper end, and tapering down for connection to tap. 
The bend pipe to be strongly ribbed, and the metal to be not less than 
IJ inches in thickness at the largest diameter. 

Anti-Priming Pipe.— One perforated cast-iron pipe to be placed hori- 
zontally in steam space and connected to steam stop -valve. The pipe to 
be carried close to the crown of shell by means of suspenders attached to 
a small rivetted bracket at each end. The united area of the perforations 
in this pipe to be about 25 per cent, in excess of the area of the stop -valve, 
and suitable provision to be made for draining the pipe. 

Fusible Plugs. — One Lancashire fusible plug to be fitted into the 
crown plate of -each furnace directly above the centre of the fire grate. 
Spare caps to be supplied. 

Man-holes. — One of McNeil's flanged compensating rings, with patent 
embossed door, to be fitted on top of shell, and one at front end below 
furnaces. The rings and doors to be of the makers proportions for the 
•working pressure. The opening into shell to have the major axis placed 
-circumferentially, and to be further compensated for by a steel plate fixed 
. externally. The opening below furnaces to have the major axis placed 
'Vertically, all being as shown on the accompanying drawing. 

Branches for Mountings.— Branches of wrought steel for the varions 
mountings to be attached by double rivetting at the positions shown on 
drawings. 

Furnace Mouth-piece. — One wrought-lron or steul mouth-piece for 
each furnace, finished off with neat moulding outside, and fitted internally 
^with a cast-iron arch-piece surrounding the fire-door for carrying a fire-clay 
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lining to protect the furnace front. The cast-iron door to be fitted with a 
sliding ventilator, affording an area of about 50 square inches, as well as 
with an internal perforated baffle plate. 

Dead Plates and Fire-Grates. — Two dead plates and a complete set 
of tire-bars in two lengths of 3 feet each, the total length of grate surface 
being 6 feet. The dead plates as well as the mid-bearers for tire-grate to bo 
caiTied by wroiight-iron brackets rivetted to the sides of furnaces. 

Flue Doors. — Tm^o side flue doors and frames sufficiently large to afford 
easy access to external side tlues. 

Damper and Frame. — One damper plate and frame, with all fittings 
and connections necessary to allow of adjusting the dampers from foot 
plate. 

Floor Plates and Frame. — A complete set of floor plates with frames 
and fender flange. These plates to extend across the entire front of the 
stokehole, and to be of convenient width for handling. 

Delivery of Boiler. — The boiler to be delivered on its seat at the 
Parchaser's works. All the mountings and fittings herein specified being 
connected by the contractor, and to be free from injury or defect of any 
kind. The contractor to be responsible for placing the boiler on its seating, 
and he will require to furnish skilled labour and all special tackle that may 
be necessary for this purpose, labourers' assistants being provided by the 
Purchaser. 

Generally. — The material and workmanship to be of the highest quality, 
and the boiler to be -constructed throughout to the satisfaction of the- 
Inspector appointed by the Purchaser. 
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Form of Offer. 

Messrs 



OXNTUOfEN, 

hereby make offer to build and place upon 

itB seating at your works 

One Lanoashire Boiler, the material, workmanship, and conditioDS of 
•contract being in strict accordance with the accompanying specification, 
and drawings. It is also imderstood that wherein the accompanying 
specification does not describe minutely every detail necessary for the 
satisfactory completion of the boiler, that these will be attended to by 

, and the boiler will be left on its seating complete, and 

ready for work, to the satisfaction of your Inspector, for the sum of 

S say 

propose to supply the mountings as follows : — 

"Steam Stop- Valve, as made by 

Number. .on catalogue. 

Safety- Valves, as made by. * 

Numbers on catalogue. 

Feed-Check Valve, as made by 

Number on catalogue. 

Water Gauges, as made by « 

Number. ,on catalogue. 

Blow-off Tap, as made by 

Number on catalogue. 

Steam Pressure Gauges, as made by. v 

also guarantee delivery of the boiler complete and ready for 

work within .weeks from date of acceptance. 

would make the boiler of Siemens-Martin steel, as manu- 
factured by. 

If the furnace fronts, doors, fire bars and bearers specified should not be 
required, a reduction of £ would be made in price of boiler. 



Gentlemen, 

Yours faithfully, 
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Adahson's flanged seams, 42, 44. 
Advantages of strengthening hoops 

for flue-tubes, 47. 
Amount of solid matter carried in 
solution, 8. 
solid matter in water, 8. 
water evaporated daily, 
8. 
Angle- iron hoops, 43, 45. 

„ „ necessity for 

water-spaces, 43. 
,, „ Objections to, 43. 

Anti-collapsive hoops, 42, 44. 
Areas of safety-valve escape-pipes, 
23. 
„ safety-valves, 21, 24. 
,, ,, danger of in- 

sufficient, 
20. 
„ Table of, 1 in. to 6 in. dia- 
meter for safety- 
valves, 24. 
„ „ 30 in. to 108 in. 

diameter for 

boiler shells, 92. 

Arrangements of flues for Lancashire 

boilers, 34-36. 

„ „ multitubular 

boilers, 33, 34. 

„ „ plain cylindrical 

boilers, 33, 34. 

Ashes on foot-plates, Damping of, 

37. 
Attendants, Duties of, 3, 4, 139, 140. 

Bar Stats between crowns of ver- 
tical boilers, 107, 108, 
111. 

M Diagonal, 62. 

ff LongituoUnal, 55, 58. 



Bearing blocks removable at ring 
seams, 36. 
„ walls. Breadth of, 37. 
Bearings, Breadth of safety-valve, 

22. 
Blotching of plates, 27. 
Blowing off. Best time for, 11. 

„ Necessity for boilers 
being cool when, 11. 
Blow-off connection, Recess for, 37. 
pipes exposed to heated 

gases, 37. 
tap, 135. 

„ asbestos-packed, 136. 
,, defective, 6. 
parallel slide-valve, 136. 
Boiler, Corrosions under coverings 
I of, 38. 

Coverings for, 38, 139. 
Externally fired, method of 

supporting, 33, 34. 
inspectors. Duties of, 4. 
laid ofi^ precautions to be 

taken, 39, 141. 
Locomotive, 68. 
settings. Rules to be observed 
in arraneing, 32. 
„ for Lancashire, 34-36. 
„ „ multitubular, 33, 34. 
„ „ plain cylindrical, 33, 
34. 
sites, 32. 

Specification for Lancashire, 
workingpressure 80 lbs., 98. 
Specification for Lancashire, 
working pressure 200 lbs., 
144. 
Vertical, 103. 
Boiler-attendants, Duties of, 3, 4, 
139, 140. 
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Bi'DDches for boiler-mountings, 129. 
Breathing-spaces between stays and 

furnaces, 61. 
Breeches-flued boiler, 63, 64. 
Bursting pressures of Cylindrical 

boilers, 91. 
, , Table of, for iron 

boilers, 93. 
, , Table of, for steel 
boilers 142 
Butt- jointing, 41, 89, 90, 105. 

Cambered end-plates, 54. 

,, crown-plates, vertical 

boilers, 106, 110. 
Cast-iron weights, Table of, 25. 
Check-valves, 6, 131. 
Circumferential seams, Grooving at, 

29. 
Cleaning vertical boilers, 140. 
Collapse of fireboxes of vertical 

boilers, 115-119. 
,, ,, flue tubes, 40. 

,, „ ,, Causes of, 7, 49. 

Collapsing pressure, Formula for, 49. 

„ Table of, 50. 

Colliery locomotives, 72. 
Compensating rings for man-hole 

openings, 53. 
Confined flues, 35, 36. 
Construction of vertical boilers, 104. 
Contraction and expansion, 29, 30, 

42, 61,76,117, 119, 123. 
Contractor's locomotives, 72. 
Cornish boilers, 33, 55. 
Corrosion, External, 31. 
,, Internal, 26. 

Corrugated flue-tabes, 44, 46. 
Covering for boilers, 38, 139, 
„ Corrosion under, 38. 
Cross bearing walls, 37. 
„ girders for Locomotive firebox 

crowns, 73. 
„ for supporting exter- 
ually-fired boilers, 
33,34 
tubes in fireboxes of vertical 
boUers, 119, 120. 
Crown-plates of vertical boilers, 106. 
„ „ Proper- 

tioDs of, 
110. 
» I) stays, 107. 
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Dampness on boiler-setting, 31, 
Deadweight safety-valves, 18. 
Defective blow-off tap, 6. 
„ design, 39. 
,, safety-valves, 12, 130. 
„ staying, 54. 
Deposit, 7. 

„ Effect of, on furnace plates, 

8. 
„ hardened by blowing off 

when boiler is hot, J 1. 
,, how affected by gi-easy 

matter, 8. 
„ How to prevent accumula- 
tion of, 10. 
,, Local straining caused by,. 

8. 
,, in vertical boilers, 117, 125. 
, , in passages to water- sjauges, 

134. 
,, Repairs rendered necessary 
by, 8, 9. 
Deterioration, General, 27. 
Diagonal bar stays, Rule for com- 
puting strength of, 62. 
Diameters and areas of circles. 

Tables of, 24, 92. 
Discharging power of safety-valves, 

20. 
Dished or cambered end-plates, 54. 
,, crown -plates of 

vertical boilers,. 
106, 110, 
Distorted tube-holes, 75. 
Double rivetting, 86-88. 



Effects of corrosion on strength of 
flue-tubes, 49. 
deposit, 8, 31. 
external pressure, 40. 
internal ,, 40. 
Elastic limit of boiler material, 95. 
End-plates, Dished or cambered, 54. 
„ Flat, Staying of, 55, 59. 

,, Hemiftpherical, 54. 

Escape-pipes, Area of, 23. 

,, for safety-valves, 23. 

Evaporation of water, 8. 

Examples of rivetted joints, 86, 87, 90* 

Expansion and contraction, 29, .30, 

42,61,76,117,119,123. 

,, of "Loco." fireboxes, 76. 
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Expansion of vertical boiler fire- 
boxes, 117. 

Explanation of term .** factor of 
safety," 94. 

Explosions, Means of prevention, 2. 
„ owing to defective blow- 

off taps, 6. 

External flues, Arrangement of, 33-36. 
„ Defective, 35, 36. 

Externally-fired boilers, 33, 34. 
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Factor of safety. Explanation of, 94. 

Keasons for large, 

95. 
old boilers, 96. 
vertical boilers, 
116, 117. 
Feed-pipes, internal, 132, 133. 
,, -valves, 6, 131. 
„ -water, 7, 27, 30. 
Filtration of feed- water, 11. 
Fireboxes, Loco, boilers, 73. 

„ „ Fitting girders 

on crown- 
plates, 73. 
yy ,« Fractures at 

root of crown - 
plate flanges, 
73. 
,1 „ Eules for stay- 

ing, 71, 77. 
,y „ Safe Stresses on 

stays for, 70. 
„ „ Various methods 

of strengthen - 
ing crown- 
plates, 70-81. 
Vertical boilers, 1 15. 

,, Construction, 

120-125. 
„ Methods of 
strengthen- 
ing, 116-120. 
,9 yi Resistance to 

collapse o^ 
115-119. 
91 „ Table of pro- 

portions and 
workingpres- 
sures, 128. 
Fire bridges, Cast-iron bearers for, 

38. 
99 Corrosion under, 38. 






Fire bridges. Width of, 38. 
Fire-door openings, 1 15. 
Flanged seams in furnace-tubes, 42, 

44. 
,, in uptake-tubes, 110. 

Flanging at bottom of fireboxes, 122, 
Flat plates. Stays for, 55, 59. 
Flues, External, Defective, 35, 36; 

Flash, 33. 
i ancashire boiler, 

36. 
Wheel-draught, 33. 
Internal, Butt-jointed, 41. 
Collapse of, 40. 
Corrugated, 46. 
J' ffect of corrosion 
on strength of, 49. 
Factor of safety of, 

42, 97. 
Galloway tubes for, 

43, 48. 
Methods of strength- 
ening, 42, 44. 

Rules tor collapsing 

pressure of, 49. 
Strength of, when 
fitted with en- 
circling hoops, 47.- 
Table of collapsing. 

pressures of, 50. 
Unsupported, 40. 
Welded, 41. 
Form of man-hole openings, 51. 

, , offer for Lancashire boiler, 150. 
Forms of corrosion, 26. 
Formula, Bursting pressures of boiler 
shells, 91. 
„ Calculation of safety-valves, 

13. 
„ Collapsing pressures of 

furnace-tubes, 49. 
„ Rivetted joints, 83, 88. 
„ Staying locomotive fire- 
boxes, 71, 77. 
,, Working pres^sures, verti- 
cal boiler fireboxes, 127» 
Front bearing walls, 37. 

,, end-plates, 37. 
Fuel, Waste of, 10, 31, 36. 
Fusible plugs, 138. 

Galloway flues, 65. 

„ tubes, 43, 48, 65- 
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Oalloway tabes^ Gircolation im- 
proved by, 48. 
aj „ Flues strcDgth- 

eued by, 43, 48. 
Gauge, Glaas-tabe, 5, 133. 

„ Steam-pressure, 136. 
Oeneral Deterioration, 27. 
Oirder stays, 73, 77. 

Objections to, 70. 
Hules for strength of, 
77. 

„ Water spaces under, 73. 

Glass-tube gauges, 5, 133. 

To keep in order, 

6, 134. 
set too low, 6. 
Situation of, 5. 
Passages ob- 
structed, 134, 
135. 
Oreasy matter, Effect of, on plates, 8. 
Grooving, accelerated by corrosive 
acids, 30. 
at circumferential seams, 

29. 
at longitudinal seams, 29. 
Difficulty of detecting, 29. 
of end-plates, 28. 
of flanges at bottoms of 
fireboxes in vertical 
boilers, 123. 
of flanges of uptake- tubes, 
in vertical boilers, 106, 
109. 
tendency to be aggra- 
vated by deposit, 31 . 
tendency to be aggra- 
vated by forced tiring, 
30, 
Gusset stays, 55-60, 108. 

Breathing-spaces under, 

61. 
Defective, 61. 
Rules for strength of, 

60. 
Safe working-pressure 
for, 68. 
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Heating surfaces, 32, 33. 
Hemispherical ends, 54. 
Hoops, Angle-iron, 43, 45. 

„ Solid-flanged, 42, 44. 

„ "Tee"-iron, 43, 44. 



iNSPBcnoN prevented by deposit, 31. 
Inspectors, Duties of, 4. 
Instructions regarding safety-valves, 

22, 23, 130, 131. 
Internal corrosion, 26. 

,, „ prevented by 

change of feed- 
water, 28. 
,, „ prevented by use 

of soda, 27. 
Introductory, 1, 103. 

Joints, Butt, 41, 89, 90, 105. 

,, Double - ri vetted, examples 

of, 84. 
„ Lap, 83, 86, 87. 
,, Ri vetted, strength and pro- 

portions of, 89. 
, , Single-ri vetted, examples of, 
84. 
Tables of rivetted, for iron 

boilers, 85. 
Tables of rivetted, for steel 

boilers, 143. 
Treble-rivetted, 89. 
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Lancashire Boilers, Settings for, 34- 

36. 
,, Specification for 
(80 lbs. per 
square inch 
working pres- 
sure), 98. 
,, Specification for 
(200 lbs. per 
square inch 
working pres- 
sure), 144. 
„ Staying of end- 
plates, 55, 59. 
Lap-joints, 83, 86, 87. 

,, in locomotive boilers, 29, 

89. 
Leakages from longitudinal seams, 

39. 
Lift of safety-valves, 22. 
Liners for uptake-tubes of vertical 

boilers, 108, 111. 
Locomotive boiler, Colliery, 72. 

„ ,, Contractor's, 72. 

„ „ Explosions, 72. 

„ ,, Inspection of, 72, 

73. 



r 



IKDEX. 



155 



99 



»» 



9* 



99 



99 



»> 



tAMiiiotbreboiUryMain-liae, 72. 

,j ,9 Firebox, £xpan* 

sion of, 80. 
,, ,1 Girder stays for, 

fireboxes, 73, 
77. 
„ Stays for fireboxes 

of, 70, 73, 77. 
„ various methods 
for staying fire- 
box crown- 
plates, 80, 81. 
Xioogitodiiial grooving, 29. 

„ Forms of, 29. 
seams. Butt-jointed, 89. 
„ Lap-jointed, double- 
rivetted, 82, 84. 
„ Lap-jointed, single- 
rivetted, 82, 84. 
stays, 55. 
„ Strength of, 68. 
Low water, Precautions against, 5, 
132, 134. 

Managbment of vertical boilers, 139. 
Man-hole openiugs, 51, 112. 

,, Care required in 

jointing, 52. 
„ Compensating rings 

for, 52, 53, 112. 
„ Covers for, 113, 1 14. 
Forms of, 51, 52. 
Frames for, 53, 113. 
how arranged, 51, 
112-114. 
Main-line locomotive, 72. 
Maximum diameter of safety-valves, 

22. 
Methods of staying locomotive fire- 
box crown-plates, 73, 
80,81. 
M Btreogthening internal 

flue- tubes, 
42,44. 
«9 99 fireboxes 

of vertical 
boilers, 
116-120. 
», supporting extemally- 

nred boilers, 33, 34. 
Mid-feather walls, 32, 35. 
Mines, Feed-water from, 27. 
Minimum factor of safety, 97. 
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Modifications <^ vertical bcnlers, 104. 
Moaating9 and fitting, 100, 129, 147. 

„ for vertical boilers, 129. 
Moors, Feed-water from, 27. 
Mud-hole openings, 114. 
MttltitalHilar boilers, Settings for, 

«>o, <>4. 

,, Stays for, 65, 
67. 
vertical boilers, 105. 
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OBJEonovs to angle-iron strength- 

ening hoops, 43. 
,9 bar stays oetween 

crown - plates of 
vertical boilers, 
108. 

corrugated flues, 46. 

girder stays, 76. 

water-sjpace stays in 
vertical boilers, 

117. 
Overheating of plates, 5. 

,, caused by deposit, 
8, 117. 
,, by forced 
firing, 30. 
„ by grease, 8. 
,, by shortness 
of water, 5. 
Overloading of safety-valves, 12, 18, 

130. 
Overpressure caused by defective 
satety-valves, 23. 

Parallel slide blow-off, 136. 
Plain rings as a means of strengthen- 
ing flue-tubes, 46. 
Precautions to be taken when a 

boiler is laid off, 39, 141. 
Precautions to be taken against low 

water, 5, 32, 134. 
Pressure gauges, 136. 
Pressures, Formula for collapsing of 

furnace- tubes, 
49. 
for working, fire- 
boxes of vertical 
boilers, 127. 
for bursting, 91. 
Tables of, „ 93, 142, 
„ „ collapsing, 50. 



99 



99 
99 



99 



99 



156 



INDEX. 



FressureB, Tables of working, vertical 

boilers, 112, 128. 
„ Test or proof, 96. 
Proportions of safety-valves, dead- 
weight, 18. 
„ „ ordinary 

lever, 13. 
„ „ Salter's 

balance, 16. 
„ rivetted joints, 83. 
„ uptake - tubes and 
crown-plates of ver- 
tical boilers, 110. 
„ „ Table of, 112. 
„ vertical boilers, 
Table of, 128. 
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Reasons for large factor of safety, 94. 
Rivetted joints, Tables of, 85, 143. 
Rivetting, 83. 
Rules for boiler-settings, 32. 

bursting pressures, 91, 92. 
collapsing ,, 49. 
fireboxes of locomotive 
boilers, 71, 77. 
„ ,, of vertical boilers, 127. 

„ rivetted joints, 83, 88. 

„ safety-valves, 13, 15, 16, 19. 

strength of diagonal stays, 
62. 
„ gusset-plate 

stays, 58, 60. 
„ longitudinal 
f, bar stays, 68. 

„ stay tubes, 66, 
67. 
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Safety, Factor of, explanation of 

term, 94. 
„ old boilers, 96. 

,, vertical boilers, 

116, 117. 
Safety-valves, 12, 130. 

Area of, 19. 
Breadth of bearings 

of, 22. 
Dead Weight, 18. 
Defects of, 12, 130. 
Direct spring-loaded, 

130. 
Discharging power of, 

20. 
Escape-pipes for, 23. 
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Safety-valves fixed on steam pipe, 

131. 
Greatest diameter of, 

22. 
Instructions as to, 22, 

23, 131. 
Lever, 12, 1.30. 
Lift of, 21, 22. 
Loaded by Salter's 

balance, 17. 
Overloading, 18, 130. 
Proportions of, 13, 16, 

Specially designed , 22. 
Tables for estimating 
areas of, 24. 
Safe working pressure for vertical 

boilers, 112, 128. 
Settings for boilers, 32. 
Shells of vertical boilers, 105. 
Shortness of water, 5. 
Sites for boilers, 32. 
Situation of glass- tube water- gauge, 

5. 
Soda as a preventive of corrosion, 27. 
Solid matter contained in water, 7. 
Solvents, 27. 

Specification for Lancashire boiler to- 
work at 80 lbs. per »q[r. in. , 98. 
Specification for Lancashire boiler to- 
work at 200 lbs. per sqr. in., 144. 
Spheres and solid cylinders. Tables 

of, 25. 
Staying, Defective, 54. 
Stays, Diagonal-bar, 62. 
Girder, 73, 77. 
Gusset-plate, 55 60, 108. 
for fiat plates, 55. 
Longitudinal, 55, 68. 
Tube, 66. 
Vertical bar between crown* 

plates, 107, 108, 111. 
Water-space, 71, 117, 126. 

„ Objections to, 119.. 
Steam-pressure gauge, 136. 
Stop-valves, 129. 
Strength of fiue-tubes, 40, 49. 
rivetted joints, 83. 
vertical boiler fireboxes,. 

115-128. 
vertical boiler uptake* 
tubes, 108-112. 
Supports for boilers, 33, 34. 
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Tables for estimating areas of safety- 
valves, 24. 
Tables of bursting pressures, iron 
boilers, 93. 
bursting pressures, steel 

boilers, 142. 
collapsing pressure, 50. 
diameters and areas of 

circles, 24, 92. 
proportions and safe 
working-pressures, ver- 
tical boilers, 128. 
proportions of uptake- 
tubes and crown -plates, 
vertical boilers, 112. 
rivetted joints, iron boil- 
ers, 85. 
rivetted joints, steel boil- 
ers, 143. 
weights of cast - iron 
spheres, and solid cylin- 
ders 1 foot long, and 
square bars 1 foot long, 
25. 
Taps for blowing off, 7, 37, 135. 

,, water-gauges, C, 133. 
Tee-iron hoops, 43, 44. 
Treble rivettiug, 89. 
Tubes, Holding power of, 66. 
-holes, distorted, 75. 
Methods of securing, 65. 
Stay, 66, 67. 
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'Uptake-tubes in vertical boilers — 
Grooving at flanges of, 106> 109. 
Liners for, 108, 111. 
Proportions of, 110-112. 
Value as stays, 108. 

T'alue of plate and rivet section, 84, 

85, 88. 
T'alves, Check-, 6, 131. 

„ Safety-, 12, 130. 

„ Stop-, 129. 
Vertical boilers, 103. 



Vertical boilers, Construction, 104. 

Crown x)lates, 106- 

110. 
Crown -plate stays, 

107. 
Fireboxes, Strength 

of, 115, 119. 
Fireboxes, Methods 

of strengthening, 

116-120. 
Fire-door openings, 

115. 
Management, 139. 
Man - holes and 

mud -holes, 113. 
Moditicatious of, 

104. 
Mountings for, 129. 
Safe working- pres- 
sures, 112, J 28. 
Uptake-tubes, 108, 

110-112. 
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Waste of fuel, 10, 31, 36. 
Water, amount evaporated, 8. 

Feed-, from mines and moors, 

27. 
gauges, 5, 133. 
Shortness of, 5. 
spaces, 43, 70, 125. 
space stays in vertical 
boilers, 117. 
Weights of cast-iron spheres, and 
solid cylinders 1 foot long, and 
square bars 1 foot long, 25. 
Welded plates, 41, 89, 106, 121. 
Wheel-di aught flues, 33. 
Width of bearing walls, 37. 

,, furnace-bridges, 38. 
Working pressures of vertical boilers, 
112, 128. 
,, strains on stays, 58, 63, 67, 
77, 111. 
Wrought-iron rings for man - hole 
oi)euings, 52, 53. 
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A Hahdbook or RcLn, Fokmulx, Tables, ka., UEuxira lo Mat^lui, 

StUHTunQS, AND P&Bsuxis, Sinn Valth, Spsmoa, 

PlITINOS AND HoUHnKOfl, JUL 

TOR THB USB OF ENGINEERS, SURVEYORS, BOILER. MAKEH8, 

AND STEAM USERS. 

Bt T. W. TRAILL, M. Inst. 0. E., F.E.RN., 

L»U BncltiflAr Bnmror^-Ohlof to tb« Boud of n«d*. 

*«* To TBI Sbcond and Thikd Editiohs Uisv Naw Tablu for PHsauBB, 
np (o 200 Lbs. per Sqdasi Inch have been kdded. 

"■■■■oaTTUirAiUvoiionBotlenpnbUilioillii EniUnd.'— aM|f4n# IFsrU. 
A >on DUf DI TOLDn . . . inptil^I Lnfonnitjan to bi hmd Bonher* giH.*— n< JtnyNwr.' 



Third ItnpreitioTt. lArge Crown Sto. With numeron* IIluBtrktiona. 6b, 

ENGINE-ROOM PRACTICE: 

A Handbook for En^neers and OflUcers In the Royal Navy 

and Hepcantlle marine. Including the management 

of the Main and Auxiliary Engines on 

Board Ship. 
Bt JOHN G. LIVERSIDGE, 

■ngliiMr, &.H., jt.U.I.C.B., Inatnictor In AppliAd UMtuoiM at tba Sajtl Hani 

Collcga, Onsnvlch. 
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lb* leading B.S, Compulc*.— BaiitDE BtMt 



BtgaMon 
chrnerr,- 
L— Tb« Hi 

olttulttai'aBd' ir'l«"«UifMtir7 lo 



<r AtdataEt EcglDepr 
in. RN.-BaguTatloni 



la Orvmn Sro, extra, wich Kumerout Illvtlraliont. [SMorify. 

GAS AND OIL ENGINES: 

An Introductory Text-Book on the Theory, Dedgn, Constmctini, 
and Testing of Internal CombnsUon Engines witiiont Boiler. 

FOR THE USE OF STUDENTS. 

BtPeof. W. H. WATKINSON, Writ. Sch., M.Inst.MkjhJ., 

Olaigow Aud Wait of SootUnd Technlral Colloc*. 
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CnARLBS ORIFFIN S CO.'S PUBLICATIONS. 

Third Edition, ReriBed. With Numerau$ JllttiiraiUmi. 

Price 7$, 6d. 

VALVES AND VALVE-GEARING: 

INCLVDINO TUB CORLISS VALVE AND 

TRIP OBARS. 

BT 

CHARLES HURST, Practical Draughtsman. 

** Covoiu raplanatloiu illiuinted hj 115 tkbt clsas diaokams and dnwloci and 4 foldla^ 
platM . . . the book talflla a TALUABLi function."— ^(JUfMmm. 

"Mm. Hum's taltes and talti-oiarivo will prove a rery yalnable aid, and tend to the 
pcodaottonofEnglDMofscimivio DHiovand BCOHOMicALWoaxiHO. . . . Will be largely 
Mmcht after by Bludenta and Deeignen."— lfaHif« B%oifutr. 

. . ** UfBFDL and niOBODOBLT PEAonoAL Will ondonbtedly be foand of obbat valub to 
ftU •oneemed with the design of ValTe-gearinc.*'— i/eeAoRteai Wwrld. 

** Almost iTBRT TTPS of YALVS and Its gearing is clearly set forth, and illustrated la 
•neh a way as to be rbadilt uhdbbstood and peacticallt appubd by either the Engineer. 
Drftnghteman, or Student . . . Should proyeboth ubrful and valdablb to ail Engineers 
eeeklng for rbuablb and clbab informatloa on the aubject. Its moderate price brings It 
within the reach of klL**~yndM<rt<« and Iron. 

** Mr. HrB8T*8 work Is admieablt ratted to the n«>edB of the practical meohanfo. . . . 
<t Is free from any elaborate theoretical disoussionii. and the ezplanattons of the Tarfcmi 
4jpes of Talve-gear are accompanied by diagrams whioh render them basilt tmnsiafooD.** 
— 1%« Beimtifle Amtrican. 



In Paper Boardi, Svo., Cloth Back. Prioe Is^ 6d. net. 

HINTS ON 

Steam Engine Design and ConstrnctioD. 

BT 

AUTBOB or *'VALVB8 AHD VALVB OBABINO." 

WITH NUMEROUS ILLUSTRATIONS. 

CONTENTS. 



I. Steam Pipes. 
II. Valves. 

III. Cylindera. 

IV. Air Pamps and Condenser!. 
V. Motion Work. 



VI. Crank Shafts and Pedetiali. 
VII. Valve Gear. 
VIII. Lubrication. 
IX. Miscellaneous Details. 
Index. 
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A ban Jy rolume whioli erery practical young engineer shonli postess.**r-nU ifedW 
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CHARLES ORIFFIN d, CO.'S PUBLICATIONS. 

WOBES BY 
ANDREW JAMIESON, M.Inst.C.E., M.I.E.E., F.R.S.E., 

Formerly Professor of Eiecttical En£truerina, The Glasgow and }Vest of Scotlana 

Technical College. 



PROFESSOR JAMIESON'S ADVANCED TEXTBOOKS. 

In Large Crown Svo, Fully Illustrated* 

STEAM AND STEAM-ENGINES (A Text-Book on). 

For the Use of Students preparing for Competitive Examinations. 
With 600 pp., over 200 Illustrations, 6 Folding Plates, and numerous 
Examination Papers. Thirteenth Edition, Revised. 8/6. 

"Professor Jamieson fascinates the reader by his clsarnbss op conckption and 
•IMPUCITV OP SXPRBSSION. His treatment recalls the lecturing of Faraday." — A theneeum. 
"Tlie Bbst Book yet published for the use of SKMd.en\%'*— Engineer. 

MAGNETISM AND ELECTRICITY (An Advanced Text- 

Book on). For Advanced and " Honours " Stu<lents. By Prof. Jamieson, 
assisted by David Robertson, B.Sc., Professor of 1 lectrical Engineering in 
the Merchant Venturers' Technical College, Bristol. [Shortly, 

APPLIED MECHANICS (An Advanced Text-Book on). 

Vol. I. — Comprising Part I.: The Principle of Work and its applica- 
tions; Part II.: Gearing. Price 7s. 6d. Third Edition. 

"Fully maintains the reputation of the Author."— Pr«r/. Engineer. 

Vol. II. — Comprising Parts III. to VI. : Motion and Energy; Graphic 
Statics; Strength of Materials; Hydraulics and Hydraulic Machinery. 
Second Edition. 8s. 6d. 

**Wbll and lucidly written."— TA* Engineer. 

%* EacA qfih€ abor'e volumes is complete in itself ^ and sold separately. 

PROFESSOR JAMIESON'S INTRODUCTORY MANUALS. 

Crown 8w. With Illustrations and Examination Papers* 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First- Year Students. Ninth Edition, Revised. 3/6. 

" Should be in the hands of evbry engineering apprentice."— /'nsr/Ara/fMSfCMrr. 

MAGNETISM AND ELECTRICITY (Elementary Manual 

oO. For First-Year Students. Fifth Edition. 3/6. 

"A CAPITAL TKXT-BOOK . . . The diagrams are an Important feature."— iS'tf^A^/MM/tfr. 
"A THOROUGHLY TRUSTWORTHY Text-boolc PRACTICAL and dear.'*— JVa/«»r. 

APPLIED MECHANICS (Elementary Manual of). 

Specially arranged for First- Year Students. Fifth Edition, 
Revised. 3/6. 

"The work has very high qualitibs, which may be condensed into the one word 
'' CLEAR.* **—Science and Art. 

In Preparation. ^00 /a^rs. Crowt ^vo. Profusely Idusirated* 

ODERN Electric Tramway Traction: 

A Text-Book of Present-Day Practice. 

For the Use of Electrical Engineering Students and those interested in Electric 

Trans 1 issi&n of Power. 

By Prof. ANDREW JAMIESON. 



A POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. Pocket Size. Leather, 
8s. 6d. Sixteenth Edition. [See p. 49 General Catalogue. 
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OHARLES OEIFFJN A CO:S PUBLICATIONS. 
Works by BRTAN DONKIN, M.IiistC.E., M.lDStMeeb.E., fte. 



Third Edition, Revised and Enlarged. With additional 
Illustrations. Large 8vo, Handsome Cloth. 25s. 

GAS, OIL, AND AIR ENGINES: 

A Praetieal Text -Book on Internal Combustion Moton 

witbout Boiler. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mech.E. 

OnnaAL Contbhts.— Gas Engines :--General Description— History and Develop 
■St British, French, and German Gas Engines — Gas Production for Motive Power— 
TiMory of the Gas Engine — Chemical Composition of Gas in Gas Engine»— Utilisation of 
Heal— ExploMon and Comhustion. Oil MotOPS :— History and Develofment— Varlwia 
1>pes— Pnestman's and other Oil Engines. Hot-AlP Engines :—Histoxy and Derelop- 
■Mt— Various Types : Stirling's, Ericsson's, ftc., ftc. 

"The BSST BOOK NOW PUBLiSHBD OB Gbs, Oil, and Air Engines. Will be of 

▼BKY ORBAT INTBRBST to the numerous practical engineers who hare to make themselves 
familiar with the motor of the day. . . . Mr. Donkin has the advantage of lomo 
rBACTiCAL BXPBRiBNCB, combined with high scibntific and bxpbrimbntal knowlbdg^ 
and an accurate perception of the reguircments of Engineers."— TA^ Engkutr. 

"We HBARTiLY RBCOMMBND Mr. Dookin's Hfl^ ... A monument of csmIuI 
labour. . . . Luminous and compreheiuive.'' — y^ytmrnl^fG^u Lighting. 
" A thoroughly rbliablb and bxhaustivb Trt9Avait.'*—Engin€4rimg. 



In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

TH E H EAT EFFICI ENCY OF STEAM BOI LER8 

(LAND, MARINE, AND LOCOMOTIVE). 

With many Tests and Experiments on different Types of 

Boilers, as to the Heating Value of Fuels, &e., with 

Analyses of Gases and Amount of Evaporation, 

and Suggestions for the Testing of Boilers. 

By BRYAN DONKIN, M.Inst.C.E. 

General Contents. —Classification of different Types of Boilers — 
425 Experiments on English and Foreign Boilers with their Heat Efficiende* 
•hown in Fifty Tables — Fire Grates of Various Types — Mechanical Stoker»^ 
Combustion of Fuel in Boilers — Transmission of Heat through Boiler Plates, 
and their Temperature — Feed Water Heaters, Superheaters, Feed Pumps, 
ftc— Smoke and its Prevention — Instruments used in Testing Boilers — 
Marine and Locomotive Boilers — Fuel Testing Stations — Discussion of the 
Trials and Conclusions — On the Choice of a Boiler, and Testing of Land» 
Marine, and Locomotive Boilers — Appendices — Bibliography — Index. 

tVith Plates illustraiing Progress made during recent years, 
and the best Modem Practice, 

*'A WOBK OF bbibbbxcb AT PBBBXKT UKIQUB. Will give an answer to almott any 
qnsstlon oonneoted with the performance of boilers that tt is poesible to ask."— JPuff^Mcr. 

** Probably the host bxhaustitx rttvmi that has oyer been collected. A PBAonoJA 
Boos by a thoroughly practical man.''— /ron and Coal Tradtt Review. 
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CHARLBS GRIFFIN A OO.'S PUBLIC A TI0N8. 

FouFtoenth Bdltton, Revised* Prtee 21e. 

Dtmy ivot CMh, WUh Nwneroua IUuttr€Uum$9 rtduud frwm 

Working Drawingg, 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OP MARINE MACHINERY. 

By A. E. SEAT ON, H.Inst.C.EM M. Inst. Heeh. E., 

HJnst.N.A. 



GKNKRAL CONTENTS. 



Part L— Prineiples of Marine 
Propulsion. 

Part n.— Principles of Steam 
Engineering. 

Part IIL— Details of Marine 
Engines : Design and Cal- 

%* Tliis Edition includes a Chapter on Water -Tubs Boilers, with Illnttra- 



eulations for Cylinders. 
Pistons, Valves, Expansion 
Valves, &e. 

Part IV.— Propellers. 

Part v.— Boilers. 

Part VI.— Miscellaneous. 



»p 

tions of the leading Types and the Revised Rules of the Bureau Veritai^ 



"* In the three-fold capacity of enabling a Student to learn how to design, oonstnictt 
■Dd work a Marine Steam-Engine. Mr. Seaton's Manual has no rival."— TYmm. 

"The important subject of Marine Engineering is here treated with the thorouoh- 
mi that It requires. No department has escaped attention. • • . Gives the 
results of much dose study and practical work."— Aiv^nstHiV* 

"By far the bbbt Manual in existence. . . . Gives a complete account of the 
■Mtbods of solving, with the utmost possible economy, the problems before the Marinf 
Engineer." — Athtnceum, 

'vThe Student, Draughtnnan, and Enfnneer will find this work the Mon talvablr 
HlHDBOOK of Reference on the Marine Engine now in existence."— IfariiM Engineer, 



Sixth Edition, Revised. Fooket-Size, Leather. 8s. 6d. 

A POCEET-BOOK OF 

HARINE ENGINEERING RULES AND TABLES, 

FOR THB USE OF 

Marine Engineers, Naval Architects, Designers, Draughtsmen^ 

Superintendents and Others. 

BY 

A. R SEATON, M.I.O.E., M.I.Mech.R, M.I.N.A., 

AND 

H. M. ROUNTHWAITB, M.LMech.E., M.LN.A. 

"Admixably fulfils its purpose."— Jtf«rnM Engi$tMr» 
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CHABLSa QRIFFIN A CO. '8 PUBLICATIONS. 

Second Edition, Revised. With numeroas Plates reduced from 
Working Drawings and 280 lUuatrations in the Text. 21b. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING! 

A Practical Text-Book for the Use of Engine Builders, 

Designers and Draughtsmen, Railway 

Engineers, and Students. 

BY 

WILLIAM FRANK PETTIGREW, M.Inst.CE. 

With a Section on American and Continental Engines. 

By albert F. RAVENSHEAR, B.Sc, 

Of His Majesty's Patent Office. 

CoRtM<<. — Historical Introduction, 1763-1863. — Modern Locomotives: Simple.— 
Modem Locomotiyes : Compound.- Primary Consideration in Locomotive Design. — 
Cylinders, Steam Chests, and Stuffing Boxes.— Pistons, Pi-ston Cods, Crossheada and 
Slide Bars.— Connecting and Coupling Rods.— Wtcrls and Axlea Axle Boxes, Hombiookip 
«nd Bearing Springs.— Balancin^r.— Valve Gear.— Slide Valves and Valve Gear Details.— 
Framing, Bogies and Axle Trucks, Radial Axle Boxes.— Boilers.— Smokebox, Blast Plpe^ 
Firebox Fittings.— Boiler Mountings. — Tenders. - Kail vruy Brakes.— Lubrication.— CoD" 
■amption of Fuel, Evaporation and Engine Lfflciency.— American Locomotivet.-~Con- 
tinental Locomotives.— Repairs, Running, Inspection, and Renewals.— Three Appendioea. 
—Index. 

"LksW to remain for many years the Sxaitdard Wock for those wishiog to learn 
Design. •— Engineer. 

" A most interesting and valuable addition to the bibliography of the Locomotive."*' 
RailtDay OJUial Oatette. 

** we recommend the book as thoroughlt practical in its character, and incRimra A 
rULCs IN AMY ooLLXcnoH of . . . works on Locomotive Engineering."— Aat/tMy Ifetn. 

"The work contains all that can bb lkarnt from a book upon puch a subject. It 
will aft once rank as thb standard work upon this iuportamt subject.*'— Aai/tray irfu^aftfia. 



In Large Svo, Handsome Cloth. With Plates and Illustrations, 168. 

AT HOME AND ABROAD, 

Br WILLIAM HENRY COLE, M.Ikst.O.K, 

Late Deputy-Manager, North-Western Railway, India. 

Contents. — Discussion of the Term ** Light Railways." — English Railwasrs, 
Rates, and Farmers. — Li^ht Railways in Belgium, France, Italy, other 
European Countries, America and the Colonies, India, Ireland. — ^Road Trana- 
port as an alternative. — The Light Railways Act, 1896. — The Question of 
Gauge. — Construction and Workinff. — Locomotives and Rolling-Stock. — Light 
Railways in England, Scotland, and Wales.^Appendices and Index. 

"Mr. W. H. Cole has brought together ... a larqb amount of valuablb intobiu- 
noN . . . hitherto practicsilly inaccessible to the ordinary reader."— r{m«5. 

'* Will remain, for soma time yet a Standard Work in everything relating to Ugbt 
Railways.*'— ifniTin^er. 

** The anthor has extended practical experience that mikea the book lucid and oMful. 
It is BXCBBDi!(aLT wcU CLoae."— Engineering. 

** The whole subject is BxnAusTivELT and practicallt considered. The work can be 
Gordially recommended as ixpispensablb to those whose duty it is to become aoqoainled 
with one of the prime necessities of the immediate futvire"— Railway OMcial OagetU. 

*'Thbbb oould bb no bkttbr book of first reference on its subject All e l a i ai of 
Bngineerswill welcome its appearance."— >8co<«ma». 
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i8 CHARLES GRIFFIN ik CO.'S rUBLlCATIONS. 

GRIFFIN'S INTR ODUCTORY SC IENCE SERIES. 

FULLY ILLUSTRATED. 

BOTANY. OPEN-AIR STUDIES in BOTANY. 

By R. Llotd Pbabger, B.A., M.R.I.A., 7/6 
THE FLOWERING PLANT. By 

Prof. AiNswoRTH Davis. Third Edition, 3/6 
HOW PLANTS LIVE AND WORK. 

By Eleanor Hughes-Gibb, ... ^6 

THE MAKING OF A DAISY. 

By Eleanor Huohes-Gibb, . . . 2/6 

BIRD-LIFE. OPEN-AIR STUDIES IN BIRD- 

LIFE. By Charles Dixon, . . .7/6 

CHEMISTRY. INORGANIC CHEMISTRY. By 

Prof. DuPRti, F.R.S., and Dr. Wilson 
Hake. Third Edition, Re-issued, . 6/ 

THE THRESHOLD OF SCIENCE. "^ 
By Dr. Alder Wright. Second Edition, 6/ 

CHEMICAL RECREATIONS. By 
J. J. Griffin, F.C.S. Tenth Edition, 

Complete, 12/6 

(Or in 2 parts, sold separately.) 

GEOLOGY. OPEN-AIR STUDIES in GEOLOGY. 

By Prof. G. A. J. Cole, F.G.S., M.R.I. A. 
Second Edition, 8/6 

(L PRACTICAL GEOMETRY, 
Third Edition. By Principal S. H. 
Wells, A.M.Iast.C.£. 

MAGNETISM & By Prof. Jamif^on, late of the Glasgow and 
ELECTRICITY West of Scotland Technical College Fifth 

Edition, .3/6 

MECHANICS. By Prof. Jamieson. Fifth Edition, . 3/6 

THE STEAM \ j, ^ , . xr ,. 

FNriNF I ^ Jamieson. Ninth Edition, . . 3/6 

METALLURGY. By Prof. Humboldt Sexton, Glasgow and 

West of Scotland Technical College. 
Third Edition, Revised,. ... 6/ 

PHYSICS. A TEXT-BOOK of PHYSICS: 

By J. H. PoYNTiNO, ScD., F.R.S., and 
J. J. Thomson, M.A., F.R.S. 

Vol. I, — Properties of Matter. 

Second Edition, . . 10/6 
Vol. II. — Sound (Second Edition), . ^ 

PHOTOGRAPHY. By A. Brothers, F.R.A.S. Second 

Edition, 21/ 
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INTRODUCTORY SCIENCE SERIES. 19 

"Boys GOULD MOT HAVE A MORE ALLURING INTRODUCTION tO scientific pursulU 

than these charming-looking volumes."— Letter to the Publishers from the Head* 
master of one of our great Public Schools. 

Handsome Cloth, 78. 6d. Gilt, for Presentation, Ss. 6d. 

OPE|i-JUR STUDIES HI BOTfillY: 

SKETCHES OF BRITISH WILD FLOWERS 

IN THEIR HOMES. 

By R LLOYD PRAEGER, B.A., M.R.I.A. 

lUnstrated by Drawings from Nature by S. Rosamond Praeger, 

and Photographs by R. Welch. 

Gensbal Contents. — A Daisy-Starred Pasture — Under the HawthornB 
— By the River — Along the Shingle — A Fragrant Hedgerow — A Coxmemara 
Bog — ^Where the Samphire ctows — A Flowery Meadow — Among the Corn 
(a Study in Weeds) — ui the Home of the Alpines — A City Rubbish-Heap — 
Glossary. 

"A FRESH AND BTIMTTLATIKO book . . . should take a high place . . . The 
Illustrations are drawn with much skill." — The Times. 

" Beautifully illustrated. . . . One of the most accurate as well as 
INTBBBSTiHa books of the kind we have seen."— ^tAen^etem. 

"Redolent with the scent of woodland and meadow."— TAe Standard. 



With 12 Full-Page lllustrationa from Photographs. Cloth, 
Second Edition, Revised, Ss, 6d, 

OPEB-filR STUDIES 111 GEOLOGY: 

An Introduetion to Geologry Out-of-doors. 

By GRENVILLE A. J. COLE, F.G.S., M.R.LA., 

Professor of Geology in the Koyal College of Science for Ireland, 
and Examiner in the University of London. 

General Contents. — The Materials of the Earth — A Mountain HoUow 

— Down the Valley — Along the Shore — Across the Plains — Dead Volcanoes 

—A Granite Highland— The Annals of the Earth— The Surrey HiUs— The 

Folds of the Mountains. 

^*Tbe VASCDfATiNO 'Opsn-Aib Btudiks' of Frof. Ools give the subject a olow 
.ANIMATION . . . cannot fail to arouse keen interest in geology.**— ^eoto^iea/ Ma gm i mt . 
*' A CHABMIKG BOOK, beautlfuliy illustrated ''' - Aihenaeum. 



Beautifully Illustrated. With a Frontispiece in Colours, and Numerous 
Specially Drawn Plates by Charles Whymper. 7s. 6d. 

OPEfl-fliK STUDIES m BIRD-LIFE: 

SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 
By CHARLES DIXON. 

The Spacious Air.— The Open Fields and Downs.— In the Hedgerows.— On 
Open Heath and Moor.— On the Mountains.— Amongst the Evergreens. — 
•Copse and Woodland.— By Stream and Pool.— The Sandy Wastes and Mud- 
'A&tn. — Sea-laved Rocks. — Birds of the Cities. — Index. 

"Enriched with excelleut illustrations. A welcome addition to all libraries." — IVest- 
.fnituter Review. 

— I " I 
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Third Edition, Revised and Enlarged. Large Crown 8vo, with numerous 

Illustrations. 3s. 6d. 

THE FLOWERING PLANT, 

WITH A SUPPLEMENTARY CHAPTER ON FERNS AND MOSSES, 

As Illustrating the First Principles of Botany. 
By J. R. AINSWORTH DAVIS, M.A., F.Z.S., 

Prof, of Biology, University College. Aberystwyth ; Examiner in Zoology, 

University of Aberdeen. 

" It would be hard to find a Text-book which would better guide the student to an accurate 
knowledge of modem discoreries in Botany. . . . The scientific accuracy of statement, 
and the concise eiqpoiition of first principlbs make it valuable for educational purposes I^ 
the chapter on the I^ysiology of Flowers, an admirttkU rtnatUtdrvmx from Darwin, Hemuuui 
MtUler, Kemer, and Lubbock, of what is known of the Fertilization of Flowers, is given " 
youmal 0/ Botany. 



POPULAR WORKS ON BOTANY BY MRS. HUGHES-GIBR 

With Illustrations. Crown 8vo. Cloth. 2b. 6d. 

HOW PLANTS LIVE AND WORK: 

A Simple Intpodaetio n to Real Life in the Plant-world, Based on Lessone 

orifirinally given to Country Children. 

By ELEANOR HUGHES-GIBB. 

%* The attention of all interested in the Scientific Training of the Young is reouested to this 
DKieHVFUiiT PEXSH and CHABMiire LiTTLB BOOK. It ought to be in the hands of every Mother 
and Teaoher throughout the land. 

** The child's attention is first secured, and then, in language simple, tbt scixirTiFiCALX.T 
*.OCUEATB,the first lessons in plant-life are set before it."— datura! Seimee. ^ 

"In every way well calculated to make the study of Botany attbactivb to the young. — 
9t«tm a% 



With Illustrations. Cro-wn Sto. Gilt, 2s. 6d. 

THE MAKING OP A DAISY; 

"WHEAT OUT OF LILIES;" 

And other Studies from the Plant World. 

A Popular Introduction to Botany. 

By ELEANOR HUGHES-GIBB, 

Author of Hwf Plants Live and Work. 

** A BRXOHT little introduction to the study of Flowers.''— /ectrnal 0/ Botanff. 
** The book will afford real assistance to those who can derive pleasure from the study of 
Nature in the open. . . The literary style is oommendable."— irM0i#2W$r«. 
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Prof. A. Jamieson, 
W. F. Petti GREW, 



35 
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27 
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49 
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52 

33 
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45 
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BNOINEERS ELECTRICIANS, ARCHITECTS, BUILDERS. 
NAVAL CONST RUCTORS, AND SURVEYORS 

nfR^^^ Mechanics, . Kankixe, Browne, Jamieson, 35, 47,'34 

Ci^ Engineering, . . Pbop. Rankinb, ' ' ' 
Design of Structures, . s. Anglin, . 
Bridge-Construction, . Prof. Fidlbr, 

Dock Engineering, B. Cunningham,' 

Engineering Drawing, . S. H. Wells, . 
Central Electrical Stations, C H. Wordingham, 

Electricity Control, L. Andrews, . 

Light Railways, . W. H. Cole, . 

Sewage Disposal Works, Santo Crimp, 

Sanitary Engineering, . 

Traverse Tables, . 

Electrical Tramways, 
Locomotive Engineering, 

Valves and Valve-Gearing. Ohas. Hurst, 

Hints on Design, . Chas. Hurst, 

Marine Engineering, 

Engine-Room Practice, 

Pocket- Book, . 

Design of Ships, . 

Steel Vessels, 

StabiUty of Ships, 
Nautical Series, 
The Steam-Engine, . 
Gas, Oil, and Air-Engines, 

Gas and Oil Engines, . 
Boilers : Land and Marine, 
Steam, 

Kitchen. _,. _. _^.,„^, 

„ Heat Efficiency of, Bryan Donkin, . 
Fuel and Water, w. R. Browne, . 

Machinery and Millwork, Prop. Rankinb, 

Pumping Machinery, . H. Davey, . 

Hydraulic Machinery, . Prof. Robinson, 

Grinding Machinery, . R. B. Hodgson, . 

Lubrication and Lubricants, Archbutt t Debley, 
Rules and Tables, Rankinb and Jamieson, 

Bonus Tables, H. A. Golding, . 

Electrical Pocket-Book, Munbo and Jamirson, 

Electrical Price-Book, . H. J. Dowsing, . 

The Calculus for Engineers, Prop. Robt. H. Smith, 

Measurement Conversions, Prop. Robt. h. Smith, 

Chemistry for Engineers. Blount & Bloxam . 
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CHARLES GRIFFIN ds CO:S PUBLICATIONS, 



Third Edition, Revised^ with an Additional Chapter an Foundations, 
Numerous Diagrams^ Examples^ and Tables. Large Svo. Cloth. i6f. 

THE DESIGN OF STRUCTURES: 

A Ppaetlcal Tpeattoe on the Bulldliur of Bpldflres, 

Roofs, dBo. 

By S. ANGLIN, C.E., 

Master of Engineering, Royal University of Ireland, late Wbitworth Scholar, &c 



''Students of Engineering will find this Text-Book invaluablr '—A.Tchuect- 

"The author has certainly succeeded in producing a thokoughlv practicai. '^^xX.- 
l^ooV:'— Builder. 

"We can unhesitatingly recommend this work not only to the Student, as the bbst 
TkxT-BoOK on the subject, but also to the professional engineer as an bxchsdin6L.v 
VALUABLE book of TcfcTcncc^—MerAantcal World. 



Third Edition, Thoroughly Rtvtsea. Royal $zw, Wtth numrr-ous 
Illustrations and 13 Lithosrra^hic Plates. Handsome Cloth. Price jcm. 

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION 

BeiDg a Text-Book on the Gonstrnotion of Bridc^es is 

Iron and Steel. 

FOR THE USE OF STUDENTS. DRAUGHTSMEN, AND ENGINEERS. 
By T. CLAXTON FIDLER, M. Inst. CK. 

Prof, of Engineering, University College, Dimdee. 



General Contents. — Part I.— Elementary Statics. Part II. — 
General Principles of Bridee-Construction. Part III. — The Strength of 
Materials. Part IV. — The Design of Bridges in Detail. 

"The new edition of Mr. Fidler's work will again occupy the same con- 
spicuous POSITION among professional text-books and treatises as has been 
accorded to its predecessors. The instruction imparted is sound, simple, 
AND FULL. The volume will be found valuable and useful alike to those who 
may wish to study only the theoretical principles enunciated, and . . . 
to others whose object and business is . . . practical." — The Enffineer. 

LONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET. STRANDl 
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At Press. In Large 8vo. Handsome Cloth. With Copious Plates 

and Illustrations. 

The Principles and Practice of 

DOCK ENGINEERING. 

By BRYSSON OUNNINGHAM, B.E., Assoc. M.Inst.C.E., 

Of the En^neers' Department, Mersey Docks and Harboar Board. 



GENERAL CONTENTS. 

Historical and Discursive. — Dock Design.— Constructive Appliances. — 
Materials. — Dock and Quay Walls. — Entrance Passages and Locks. — 
Jetties, Wharves, and Piers. — Dock Gates and Caissons. — Transit Sheds 
and Warehouses. — Dock Bridges. — Graving and Bepairing Docks. — 
Working Equipment of Docks. — Ikdex. 

*»• The object of the Author has been to deal fully and comprehensively with the 
problems arising out of the construction and maintenance of Docks and their appanages, 
not simply as a record of works carried out, but as a treatise on the principles under- 
lying their construction and an investigation of the mathematical theories involved. 
It is primarily intended for the student ; but it is hoped that the lai^e amount of data 
and material collected from . various sources, and in many cases contributed specially 
for this book, will render it useful to the expert engineer as a work of reference ; while, 
at the same time, of general interest to directors and others connected with the man- 
agement and administration of seaports. 



Third Edition. In Two Parts, Published Separately. 

A TEXT-BOOK OF 

Engineering Drafing and Design 

Vol. I. — Practical Geometry, Plane, and Solid. 3s. 

Vol. II. — Machine and Engine Drawing and Design. 48. 6d. 

BY 

SIDNEY H. WELLS, Wh.Sc, 

A.M.INBV.C.B., A.M. INST. MBCH.B., 

Principal of the Battenea Polvtechnio Institute, and Head of the Engineering Department 

therein ; formerly of the Engineering[ Departments of the Yorkshire OoQesre. 

Leeds ; and Dulwich GoIIeffe, London. 

With mrmy Illustrations, specially prepare'^ for the Work, and ntumerous 
tJxamples, for the Use of Students in Technical Schools and Colleges. 

" a capitai tbxt-book, arranged on an bzcbllbbt ststbh, calculated to give an intelligent 
grasp of the subject, and not the mere faculty of mechanical copying. . . . Mr. Wells shows 
now to make complbtb wobkino-dba wings, discussing fully each step in the design."— JS2«<;fr4eal 
Beview 

" The first book leads basilt and naturally towards the second, where the tfHshnical vopl)' 
is brought tnto contact with targe and more complex deslfms."— 2%« Sehoolnuuier. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, 8TRAND0 
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/to(fai 8uo, Haiutaome Ctotti. With numerous tlluatratlona and Tables, 2Sa. 

THE STABILITY OF SHIPS. 

BY 

SIR EDWARD J. REED, K.C.B., F.R.S., M.P.. 

OlIGVr or TMB IMPSRIAL ORDERS OF ST. STANILAUS OF RUSSIA; FRANCIS JOSKPM OF 

AUSTRIA ; MBDJIDIB OF TURKBY : AND RISING SUN OF JAPAN ; VICB- 

PRRSIDBNT OF THE INSTITUTION OF NAVAL ARCHITECTS. 

In order to render the work complete for the purposes of the Shipbuilder, wheUxer at 
heme or abroad, the Methods of Calculation introduced by Mr. F. IC Barnes, Mr. Gray, 
M. Rbbch, M. Daymard, and Mr. Benjamin, are all g^ven separately* illustrated b^ 
Tables and worked-out examples. The book contains more than 200 Diagrams, and is 
illustrated by a large number of actual cases, derived from ships of all descriptions. 

" Sir Edward Rbbd's ' Stability of Ships ' is invaluable. The Naval Architbct 
will find brought togetner and ready to his hand, a mass of information which he would othei^ 
wise have to seek in an almost endless variety of publications, and some of which h^ would 
possibly not be able to obtain at all cKs^wV^^re "— ■*«'"r#»ifAj'*' 



THE DESieX AND COXSTBUCTIOX OF SHIPS. By John 
Harvard Biles, M.Inst.N.A., Professor of Naval Architecture in the 
University of Glasgow. [/n Preparation, 



Third Edition. Illustrated with Plates, Numerous Diagrams, and 

Figures in the Text. 1 8s. net. 

STEEL SH I PSs 

THEIR CONSTRUCTION AND MAINTENANCE. 

A Manual for Shipbuilders, Ship Superintendents, Students, 

and Marine Engineers. 

By THOMAS WALTON, Naval Architect, 

AUTHOR OF **KNOW YOUR OWN SHIP.** 

Contents. — I. Manufacture of Cast Iron, Wrought Iron, and Steel. — Com- 
position of Iron and Steel, Quality, Strength, Tests, &c. XL Classification of 
Steel Ships. III. Considerations in making choice of Type of Vessel. — ^Framing 
•f Ships. IV. Strains experienced by Ships. — Methods of Computing and 
Comparing Strengths of Ships. V. Construction of Ships. — Alternative Modes 
•f Construction. — Types of Vessels. — Turret, Self Trimming, and Trunk 
Steamers, &c. — Rivets and Rivetting, Workmanship. VI. Pumping Arrange- 
ments. VII. Maintenance. — Prevention of Deterioration in the Hulls of 

Ships. — Cement, Paint, &c.— Index. 

'' So thorouch and we 1 written is every chapter in the book that it U di.Ucult to select 
any of them as being worthy of exceptional pra sa. Altogether, the work is excellent, and 
will prove of great va'ue to those for whom it is intended."— J%« Engineer. 

**■ Afr. Walton hag written for the profesaion of which he is an ornament. His work 
will be read and appreciat-'d, no doubt, by every M.I.N.A., and with great benefit by the 
majority of them. — /owrwa? of Commerce. 



Second Edition, Cloth, 8s. 6d. Leather, for the Pocket, 8s. 6d. 

aBIFFIN'S ELECTRICAL PRICE-BOOK : For Electrical, CivU, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c., &c. Edited by H. J. Dowsing. 

" The Elbctrical Pricb-Book removes all mystbry about the cost ef Electrical 
Power. By its aid the bxpbnsb that will be entailed bv utilising electricity on a large or 
small scale can be discovered." — Archifert. 

lONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

Edited by EDW. BLACKMORE, 

Master Mariner, First Class Trintty House Certiflcate, Assoc. Inst. N.A. ; 

And Written, mainly, by Sailors for Sailors. 



"This admirable BmiiE&."—Fa%rplay. "A very useful series."— Mature. 

"The volumes of Messrs. Griffin's Nautioal Series may well and profitably be 
read by all interested in our national maritime progress. "—Marine Engineer. 

"Etert Ship should have the whole Series as a Reference Library. Hand- 
somely BOUND, clearly PRINTED and illustrated."— iiwrpooZ Joum. qf Convmerce. 

The British Mercantile Marine: An Historical Sketch of its Kise 
and Development. By the Editor, Gapt. Blaokmore. 3s. 6d. 
" Captain Blackmore's splendid BOOK . . . contains paragraphs on every point 
of interest to the Merchant Marine. The 243 pages of this book are THE MOST VALU- 
ABLE to the sea captain that have ever been compiled."— if ercAan* Service Review. 

Elementary Seamanship. By D. Wilson-Barker, Master Mariner, 
F.K.S.E., F.R.G.S. With numerous Plates, two in Colours, and BVontlspieoe. 
Third Edition, Thoroughly Revised, Enlarged, and Re-set. With additional 
Illustrations. 6s. 
"This ADMIRABLE MANUAL, by Capt. WILSON BARKER, Of the ' Worcester,' seema 

to ns PERFECTLY DESIQNBD."^^ tAen^Um. 



Know Your Own Ship : a Simple Explanation of the Stability, CJon- 
struction. Tonnage, and freeboard of Ships. By Thos. Walton, Naval Architect. 
With numerous Illustrations and additional Chapters on Buoyancy, Trim, and 
Calculations. Seventh Edition. 7s. 6d. 
"Mr. Walton's book will be found very useful."— TAe Engineer. 

Navi&ration : Theoretical and Practical. By D. Wilson-Barkbr 

and William Allingham. Second Edition, Revised. 3s. 6d. 
"Precisely the kind of work required for the New Certificates of competency. 
Candidates will find it invaluable."— Z>tm<ie^ Advertiser. 



Marine Meteorology : For Officers of the Merchant Navy. By 
William Allingham, Fii'st Class Honours, Navigation, Science and Art Department. 
With Illustrations, Maps, and Diagrams, and facsimile reproduction of log page. 
7s. 6d. 
" Quite the best publication on this Bvibject."— Shipping Gazette. 



Latitude and Longritude : How to find them. By W. J. Millab, 

C.E. Second Edition, Revised. 28. 

" Cannot but prove an acquisition to those studying Navigation."— Jfann« Engineer. 

Practical Mechanics : Applied to the requirements of the Sailor. 
By Thos. Mackenzie, Master Mariner, F.B.A.S. Second Edition, Sevised. Ss. 6d. 
" Well WORTH the money . . . exceedingly helpful."— 6Aipptn^ World. 

Trigonometry : For the Young Sailor, &c. By Rich. C. Buck, of the 
Thames Nautical Training College, H.M.S. " Worcester." Second Edition, Revised. 
Price 3s. 6d. 
"This EMINENTLY PRACTICAL and reliable vo\\ime"— Schoolmaster. 



Practical Algrebra. By Rich. C. Buck. Companion Volume to the 
above, for Saflors and others. Price Ss. 6d. 
" It is JUST THE BOOK for the young sailor mindful of progress. —Nceutical Magtusine. 

The Le^al Duties of Shipmasters By Benedict Wm. Ginsbubg, 

M.A., LL.D., of the Inner Temple and Northern Circuit; Barrister-at-Law. SECOND 

Edition, Thoroughly Revised and Enlarged. Pricf 4s. 6d. 

" Invaluable to masters. . , . We ca.ntully recommend it." —Shipping Gazette. 

A Medical and Surgical Help for Shipmasters. Inclading Pint 

Aid at Sea. By Wm. Johnson Smith, F.il.O.S., Principal Medical Oflioer, SeamenV 
Hospital, Greenwich. Second Edition, Thoroughly Revised. 66. 
•' Sound, judicious, beally helpful."— rA« Lwncet. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRAND. 
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GRIFFIN'S NAUTICAL SERIES . 

Introductory Volume. Price Ss. 6d. 

THE 

British Mercantile Marine. 

By EDWARD BLACKMORE, 

MASTBR IIARINBR; ASSOCIATB OF THE INSTITUTION OF NAVAL ARCHITBCTS; 

MEMBBR OF THE INSTITUTION OF BNGINBBRS AND SHIPBUILDERS 

IN SCOTLAND; EDITOR OF GRIFFIN'S "NAUTICAL SERIES." 

General Contents. — Historical: From Early Times to 1486— Progreai 
cmder Henry VTIT. — To Death of Mary— During Elizabeth's Reign -iJp to 
the Reign of William III. — The 18th and 19th Centuries — Institution of 
Examinations — Rise and Progress of Steam Propulsion — Development of 
Free Trade— Shipping Legislation, 1862 to 1875—" Locksley Hall " Case- 
Shipmasters' Societies — Loading of Ships — Shipping Legislation, 1884 to 1894 — 
Statistics of Shipping. The Personnel : Shipowners— Officers— Marinenn- 
Duties and Present Position. Education : A Seaman's Education : what it 
should be — Present Means of Education — Hints. Discipline and Duty — 
Postscript — The Serious Decrease in the Number of British Seamen, a Matter 
demanding the Attention of the Nation. 

'* Ikterestino and Insteuctivx . . . may be read with profit and bnjotmsbt."— 
ffkugote Herald. 

^^Etsxt branch of the subject in dealt with in a way which shows that the writer 
* knows the ropes* familiarly."— ^ot^man. 

'*Thi8 ADiQBABLB book . . . TBEH8 with Dseful information— Should be in the 
hands of every Sailor." — Western Morning News. 



Third Edition, Thoroughly Revised^ Erdaryed^ and Re-set, 
With Additional Illustrations. Price 6s. 



ELEMENTARY SEAMANSHIP. 

BT 

D. WILSON-BARKER, Mastbb Mariner; F.R.S.K, P.R.G.S.,&o., &o. 

TOUNQER BROTHBR OF THE TRINITT HOUSE. 

With Fr(Hitispiece, Numerous Plates (Two In Colours), and Illustrationi 

in the Text. 

General Contents. — The Building of a Ship; Farts of Hull, Masts, 
Ac. — Ropes, Eiiots, Splicing, &c. — Gear, Lead and Log, &c. — Ri^ging^ 
Anchors — Sailmaking — The Sails, &c. — Handling of Boats under Sail — 
Signals and Signalling— Rule of the Road— Keeping and Relieving Watch — 
Points of Etiquette— Glossary of Sea Terms and Phrases — Index. 

*** The volume contains the kbw rules of the euad. 

" This ABMiBABLB MANUAL, by Oapt. Wilson-Bakker of the ' Worcester/ seems to us 
PBBFBOXiiT DBsieNED. and holds its place excellently in ' Qbivfin's Nautical Seribs ' . . . 
Although intended for those who are to become OfiQcers of the Merchant Navy, it will, be- 
found nseful by all YAcaTSHOLV^.^'^Athenmum. 

\* For complete List of GsmnN's Nautical Sbsebs, see p. 39 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN 8 NAUTICAL SERIES, 

Second Edition, Revised cmd Illustrated. Price Sa. 6d, 

IsTAViaATIOISr: 



By DAVID WILSON-BARKER, K.N.K., F.R.S.E., (fee, «fcc., 

A.ND 

WILLIAM ALLLNOHAM, 

FmST-OLASS HONOITBS, NAVIGATION, SCIENCE AND ART DEPARTMENT. 

tmitb VlumetouB 5llUBttattond anD i&samination (Stuedtiond. 

GrBNSBAL CONTENTS. —Definitions — Latitude and Longitude — Instrumenta 
of Navigation — Correction of Courses — Plane Sailing — Traverse Sailing — Day's 
Work — Parallel Sailing — Middle Latitude SaUing — Mercator's Chart— 
Mercator Sailing — Current Sailing — ^Position by Bearmgs — Great Circle Sailing 
—The Tides — Questions — Appendix : Compass Error — ^Numerous Useful Hints, 
^. — Index. 

** Prscisblt the kind of work required for the New Certificates of competency in grades 
from Second Mate to extra Master. . . . Candidates will find it iNVALnABLS."-^2>«R£{« 
Advertiur. 

'' A OAnTAL UTTLS BOOK . . . speciaUy adapted to the New Examinations. The 
Anthers are Oapt. Wn^oH-BASESB (Captain-Superintendent of the Nautical College, H.M.SS. 
' Worcester,' who has bad great exx>erienoe in the highest problems of Navigation), and 
Mb. Alungham, a well-known writer on the Science of Navigation and Nautical Astronomy. " 
^Shipping World. 



Handsome Cloth. Fully Illustrated. Price 78. 6d, 

MARINE METEOROLOGY, 

FOR OFFICERS OF THE MERCHANT NAVY. 
By WILLIAM ALLINGHAM, 

Joint Author of "Navigation, Theoretical and Practical." 

With numerous Plates, Maps, Diagrams, and Illustrations, and a facsimile 
Reproduction of a Page from an actual Meteorological Log-Book. 

SUMMARY OP CONTENTS. 

INT&ODUGTORY.— Instruments Used at Sea for Meteorolc^cal Purposes.— Meteoro- 
Jogical Log-Books.— Atmospheric Pressui-e.— Air Temperatures.— Sea Temperatures.— 
Winds.— Wind force Scales.— History of the Law of Storms.- Hurricanes, Seasons, and 
Storm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.— Icebexgs.— Syn- 
chronous Charts.— Dew, Mists, Fogs, and Haze.— Clouds.— Rain, Snow, and Hall.— 
Mirage, Bainbows, Coronas, Halos, and Meteors.- Lightning, Corposants, and Auroras. — 
•<)UBSTI0N8.— Appendix.— Index. 

*' Qnite the bsst publication, and certainly the host intbsebtino, on this subject ever 
•fresented to Nautical mea."— Shipping Qwsette. 



* * 
* 



For Complete List of Griffin's Natttioal Sxbibs, see p. 39. 
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GRIFFIN'S NAUTICAL SERIES. 

Second Edition, Revised. With Numerous lUuBtrationa. Price Ss. 6d. 

Practical Mechanics: 

Applied to the Eequirements of the Sailor. 

Bt THOS. MACKENZIE, 

Master Mariner, F.R.A.S. 

General C(JNTENT8. — Resolution and Composition of Forces — Work done 
by Machines and Living Agents — The Mechanical Powers: The Lever j 
Derricks as Bent Levers — The Wheel and Axle : Windlass ; Ship's Capstan ; 
Crab Winch— Tackles : the **01d Man"— The Inclined Plane; the Screw— 
The Centre of Gravity of a Ship and Cargo — Relative Strength of Rope : 
Steel Wire, Manilla, Hemp, Coir — Derricks and Shears- Calculation of the 
Cross-breaking Strain of Fir Spar — Centre of EflFort of Sails— Hydrostatics : 
the Diving-bell ; Stability of Floating Bodies ; the Ship's Pump, &c 

" This excellent book . . . contains a large amount of information.'^ 
— Nature, 

" Well worth the money . . . will be found exceedingly helpful."— 
Shipping World. 

**No Ships' Officers' bookcase will henceforth be complete without 
Captain Mackenzie's ' Practical Mechanics. ' Notwithstanding my many 
years' experience at sea, it has told me how much more there is to acquire," — 
(Letter to the Publishers from a Master Mariner). 

" I must express my thanks to you for the labour and care you have taken 
in 'Practical Mechanics.' ; . . It is a life's experience. . . . 
What an amount we frequently see wasted by rigging purchases without reason 
and accidents to spars, &c., &c. ! * Practical Mechanics' would save all 
THIS. " — (Letter to the Author from another Master Mariner). 



WORKS BY RICHARD C. BUCK, 

Of the Thames Nautical Training College, H.M.S. ' Worcester.' 

A Manual of Trigonometry: 

With Diagrams, Examples, and Exercises. Price 8s. 6d, 

Second Edition, Revised and Corrected. 

*»* Mr. Buck's Text-Book has been specially prepared with a view 
to the New Examinations of the Board of Trade, in which Trigonometry 
k an obligatory subject. 

"This BMiNBNTLT PRAGTICA.L and BELiABLB yoluhe/' — Schoolmaster, 

A Manual of Algebra. 

Designed to meet the Requirements of Saiiors and otiiera. Price Sa. 6d. 

*,* These elementary works on algbbba and trioonohetbt are written speoisllv for 
those who will have little opportunity of consulting a Teacher. They are books for "sbl*^ 
GKLP." All but the simplest explanations have, therefore, been avoided, and answbbs t« 
the Exercises are given. Any person may readily, by careful study, become master of their 
contents, and thus lay the foundation for a further mathematical course, if desired. It is 
hop«d that to the younger Officers of our Mercantile Marine they will be found decidedly 
aeryiceable. The Examples and Exercises are taken froiu the Examination Papers set for 
the Oadets of the "Worcester.'" 

"Olearly arranged, and well got up. . . A flrst-rate Elementary Algebra. -> 
Nautiea' Magazine. 

%*For complete List of GBiFFm's Nautioal Sbbibs, aee p. 99. 
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gRITFIN'S yAUTICAL SERIES. 

Second Edition, Thoroughly Revised and Extended. In Crown 8vo. 

Handsome Cloth. Price 48. 6d. 

THE LEGAL DUTIES OF SHIPMASTERS. 

BY 

BENEDICT WM. GINSBURG, M.A., LL.D. (Cantar), 

Of the Inner Temple and Northern Circuit ; Barrlster-at-Law. 

General Contents.— The Qualification for the Position of Shipmaster— The Con- 
tract with the Shipowner— The Master's Duty in respect of the Crew : Engagement ; 
ApOTentices ; Discipline ; Provisions, Accommodation, and Medical Comforts ; Pajrment 
of Wages and Discharge— The Master's Duty in respect of the Passengers— The Master's 
nnancial Responsibilities— The Master's Duty in respect of the Cargo — ^The Master's 
Duty in Case of Casualty— The Master's Duty to certain Public Authorities — The 
Master's Duty in relation to Pilots, Signals, Flags, and Light Dues — The Master's Duty 
upon Arrival at the Port of Discharge— Appendices relative to certain Legal Matters : 
Board of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, Load Line Begnla- 
tions, Life-saving Appliances, Carriage of Cattle at Sea, Ac, <fi;c.— Copious Index. 

*' No intelliffent Master should fail to add this to his list of necessary books. A few lines 
of it may SAVs a i^wtkk's pbb, besides endless ytotxi.'^ —Liverpool Journal of Cbmmer«e. 

" Sbwsiblb, plainly written, in cleab and non-technical languaob, and will be foimd of 
KUOH sBBVics by the Shipmaster."— ^ta'«^ Trade Revieie. 



Second Edition, Revised. With Diagrams. Price 28. 

Latitude and Longitude: 

Ho^siT to Find tli.em. 



By W. J. MILLAR, C.E., 

Late Secretary to <A« Inst, of Engineers and Shipbuilders in Scotland. 

" CoNOissLY and clbably wbitten . . . cannot but prove an acquisition 
to those studying Navigation." — Marine Engineer. 

** Young Seamen will find it handt and usbful, sihflk and OhRAS^"—The 
BnfftTieer. 

FiRST AID AT SEA. 

Sboond Edition, Revised. With Coloured Plates and Numerous niustra- 

tions, and comprising the latest Regulations Respecting the Ceurriage 

of Medical Stores on Board Ship. Price 6s. 

A MEDICAL AND SURaiGAL HELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 

BY 

WM. JOHNSON SMITH, F.RO.S., 

Principal Medical Officer, Seamen's Hospital, Greenwich. 

*** The attention of all interested in oar Merchant Nayy is requested to this exceedingly 
useful and valuable work. It is needless to say that it is the outcome of many years 
ntAoncAL KXPBRixNCB amougst Seamen. 

**Sonin>, JUDICIOUS, bballt BMLr¥UL."—T?ie Lancet. 

*«* Por Complete List of Griffin's Nautioal Seribs, see p. S9. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND, 
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QBirFIN'S NAUTICAL SERIES. 

Seventh Bdition. Revised, with Chapters on Trim, Buoyancy, 

and CalctUcUUms, Numerous lUustra^tUms, Handsome 

Cloth, Crown 8vo. Price 7s, 6d, 

KNOW YOUJB OWN SHIP. 

By THOMAS WALTON, Naval Architect. 

BPIOIALLY ARRANGED TO SUIT THE REQUIREMENTS 0» SHIPS* OFFIOEBS, 
SHIPOWNERS, SUPERINTENDENTS, DRAUGHTSMEN, ENGINEERS, 

AND OTHERS. 

This work explains, in a simple manner, such important 
subjects as: — 



Displacement, 

Deadweight, 

Tonnage, 

Freeboard, 

Moments, 

Buoyancy, 

Strain, 

Stmctnre, 



Stability, 
Boiling, 
Ballasting, 
Loading, 
Shifting Cargoes, 
Admission of Water, 
Sail Area, 
&c., Ac. 



** The little book will be found excbedinglt handt by most officers and 
effifiiftlH connected with shipping. . . . Mr. Walton's work will obtain 
LASTING SUOOESS, because of its unique fitness for those for whom it has been 
written." — Shipping World. 

*' An EXCELLENT WORK, full of solid instruction and invaluable to every 
officer of the Mercantile Marine who has his profession at heaxt"— Shipping, 

" Not one of the 242 pages could well be spared. It will admirably fulfil its 
purpose . . . useful to shi]^ owners, ship superintendents, ship draughts- 
men, and aU interested in shippmg.'* — Liverpool JoumeU of Commerce. 

" A mass of vert usevul invormation, aecompanied by diagrams andillus- 
teations, is given in a compact form." — Fairplay. 

*' We have found no one statement that we could have wished differently 
expressed. The matter has, so far as clearness allows, been admirably con- 
densed, and is simple enough to be understood by every seaman.**— J^Tarin^ 
Engineer, 

BY THE SAME AUTHOR. 

Steel SMps: Their Constrnction and Maintenance. 

(See page 38.) 
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Just Out. Fifteenth Edition, TliorougMy Revised^ Enlarged, and Reset 

Throughout. Demy Svo, Cloth. With Numerous Additional 

Illustrations, reduced from Working Drawings. 2\s, net, 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 

By A. E. SEAT ON, H.Inst. C.E., H. Inst. Meeh. E., 

H.Inst.N.A. 



General Contents. — Part I. — Principles of Marine Propulsion. 
Part II. — Principles of Steam Engineering. Part III. — Details of 
I Marine Engines : Design and Calculations for Cylinders, Pistons, Valves, 

I Expansion Valves, &c. Part IV.— Propellers. Part V. — Boilers. 

j Part IV. — Miscellaneous. 

*»* This Edition includes a Chapter on Watbh-Tubs Boilers, with lUustra 
tions of the leading Types and the Revised Rules of the Bureau Veritas. 



" In Che three-told capacity of enabiiug a 8tudenc to leam how to design, oonstruci, 
And work a Marine Steahi-Engine, Mr. Seaton's Manual has no Rifal." — limes* 

"By&rthe bbst Manual m existence. . . . Gives a complete account ot the 
methods of solving, with the utmost possible economy, the problems before the Marixw 
KnKineeT.'*--AiheH€eum. 

"The Student, Draughtsman, and tlngineer will find this work the most v^luablf 
Handbook oi Reference on the Marine Kngine now in existence."— ilfartiK Snffineer. 



Seventh Edition, Thoroughly Revised. Pocket-Size, Leather. Ss. 6d. 

A POCKET-BOOK OF 

MARINE ENGINEERING RULES AND TABLES, 

TOR THE USfi 09 

Marine Engineers, Naval Arehiteets, Designers, Dranghtsmefit 

Superintendents and Others. 

BY 

A. E. SEAT ON, M.I.O.E., M.LMech.E., M.LN.A., 

I AND 

I H. M. ROUNTHWAITE, M.I.Mech.E., M.I.N.A. 

"Admirably vulfils its purpose.'* — Marine Engineer, 



By B. CUNNINGHAM. 

DOCKS: THEIR CONSTROCTION & MAINTENANCE. 

(See page 27.) 
LONDON : CHARLES eRIFFIN ft CO., LIMITED. EXETER STREET, STRAND. 
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WORKS BT PROF. ROBERT H. SMITH, AssocH.LC.E., 

M.LM.E., M.LE1.E., M.XMin.£., Whit. Soh., M.Ord.MeiiL 



THE OALOULUS FOR ENGINEERS 

AND PHYSICISTS, 

Applied to Technical Problems. 

WITH EXTENSIVE 

OIiASSIFIED BEFEBENCE LIST OF INTEGBAIiS. 
By PROF. ROBERT H. SMITH. 

ASSISTED BT 

R. F. MUIRHEAD, M.A., B.Sa, 

Vormerly Clark Fellow of G-laagow Univeraity, and Lecturer on Ma^ematics at 

Mason College. 

In Crown Svo, extray with Diagrams and Folding- Plate, 8b. 6cL 

" Feo7. B. H. Smith's book will be serviceable in rendering a hard road as babt ab mAenC' 
ABU for the non-mathematical Student and Engineer."— .^<A«7UBvm. 

*' Interesting diagrams, with practical illustrations of actual occurreoce, are to be found here 
In abundance. Thb tbbt cohpibtb classifibd bbvbbbbck table will prove very useful 1b 
wTing the time of those who want an integral in a hurry."— 7%« Engineer. 



EASUREMENT CONVERSIONS 

(English and French) : 

28 GEAPHIG TABLES OR DIAGRAMS. 

Showing at a glance the Mutual Conversion of Measu&embnts 

in DiF^BBNT Units 

Of Lengths, Areas. Volumes, Weights, Stresses, Densities, Quantltlet 
of Work, Horse Powers, Temperatures, &c. 

For the use of Engineers, Surveyors, Architects, nnd Contractors, 

In 4to, Boards. Ta, 6d, 



*^* Prof. Smith's Conyersion-Tables form the most unique and com- 
prehensive collection ever placed before the profession. By their use much 
time and labour will be saved, and the chances of error in calculation 
diminished. It is believed that henceforth no Engineer's Office will be 
oonsidered complete without them. 

" The work is iVTkLVABJJL"—CoUiery Chtardian. 

" Ought to be in btbbt ofDce where even oocasional conversions are required. . . . Prot 
Smith's tablbs form very bxcbllbnt chbckb on results."— J^Zeetrieoi Review. 

" Prof. Smith deserves the hearty thanks, not only of the Ebgibbbb, but of the Gohhbbcial. 
Woblb, for having smoothed the way for the adoptiob of the Mbtbic Ststbm of Mbasvbbmbbt. 
a Buhiect which u now assuming great importance as a factor in maintaining our hold upon 
fOBBiON TBADB."— TA« Maehinery Market. 
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• In Large 8vo. Handsome Cloth. lOs. 6d. 

CHEMISTRY FOR ENGINEERS. 



BERTRAM BLOUNT, 

F.I.O., F.O.8., A.I.C.E., 

Consulting Chemist to the Crown Agents for 

the Colonies. 



BY 
AND 



A. G. BLOXAM, 

Consulting Chemist, Head of the Chemistry 

Department, Goldsmiths' Inst., 

New Cross. 



GENERAL CONTENTS.— Introduction— Chemistry of the Chief Materials 
of Construction— Sources of Energy— Chemistry of Steam-ralslng— Chemis- 
try of Lubrication and Lubricants— Metallurgical Processes used in the 
Winning and Manufacture of Metals. 

" The authors have saocKKOBD beyond ail expectation, and have produced a work which 
should Kive FKRSH POWER to the En^rinoer ^nd ManufiEtcturer."— 2^ Timet. 

"Pbactical thbouohodt ... an admi&ablb text-book, useful not only to Students^ 
but to E^faiNBBBS and Manaobbs ov wobks in pbbvbbtibo wastb and impboviro pbocbsbbs."— 

"A book worthy to take hioh bark . . , treatment of the subject of oasbous publ. 
particularly good. . . . Watbb oas and Its production clearly worked out. . . . We' 
wabult bbcomkbvd the work."— J'oumal of Gas Lightmg. 



For Companion Volume by the same Authors, see ** Chemistry 
FOR Manufacturers," p. 71 General Catalogue, 



Works by WALTER R. BROWNE, M.A., M.Inst.C.E., 

Late Fellow of Trinity College, Cambridge. 



THE STUDENT'S MECHANICS: 

An Introduetion to the Study of Force and Motion. 

With Diagrams. Crown Sto. Cloth, 4s. 6d. 

" Cbar in style and practical in method, 'Thx Studbnt's Mbchanics' is cafdiaUy te b» 
recomoMBded from all points oiviesw.^'—AthetuBHfH. 



FOUNDATIONS OF MEOHANIOS. 

Papers reprinted from the Engineer, In Crown 8vo, is. 



Demy 8vo, with Numerous Illustrations, 9s. 

FUEL AND WATER : 

A Manual for Users of Steam and Water. 

Wi Prof. FRANZ SCHWACKHOFER of Vienna, and 
WALTER R. BROWNE, M.A., C.E. 

Gbnbral Contbnts. — Heat and Combustion — Fuel, Varieties of — Finns Arrange- 
ments : Furnace, Flues, Chimney — The Boiler, Choice of— Varieties — Feed-water 
Heaters— Steam Pipes — Water : Composition, Purification— Prevention of Scale, &c., &c. 

" The Section on Heat is one of the best and most lucid ever written."— ^mj^mmt. 
" Cannot €sdl to be valuable to thousands using steam power." — RaihfKty Engineer, 

LONDON : CHARLES GRIFFIN h CO.. LIMITED. EXETER STREET, STRAND. 
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Skcond Edition, Revised and Enlarged. 

With Tables, Illustrations in the Text, and 37 Lithographic Plates. Medium 

8vo. Handsome Clolh. 30s. 

SEWAGE DISPOSAL WORKS s 

A Guide to the Construction of Works for the Prevention of the 
Pollution by Sewage of Rivers and Estuaries. 

By W. SANTO CRIMP, M.Inst. C.E., F.G.S., 

Late Assistant-Engineer, London County Council 



P\RT I.— Introductory. PART II. — Sewage Disposal Works in 
Operation — Their Construction, Maintenance, and Cost. 

*• * From the fact of the Author's having, for some years, had charge of the Main 
Drainage Works of the Northern Section of the Metropolis, the chapter on London will be 
found to eontain many important details which would not odierwise nave been available. 

*' All perwns interested in Sanitary Seieace owe a debt of gratilude to Mr. Crimp. . . 
His work wiU be especially useful to Sanitary Authoritiks and their advisers . . 

BMINBNTLV PRACTICAL AND VSKFUL."' ^LoMC^t. 

"?r»baUy the most complbtb and bbst trbatisb on the subject which has appeared 
in our laBgua^e Will prove of the greatest use to all who have the problem 

-Sewage Disposal to fiace " — Edinkurgh MtMeal J 9um»l. 



Beautifully Illustrated^ with Numerous Plates, Diagrams, and 

Figures in the Text. 21s, net. 

TRADES' WASTE: 

ITS TREATMENT AND UTILISATION. 
A Handbook for Borough Engrineers, Surveyors, Architects, and Analysts. 

By W. NAYLOR, F.O.S., A.M. Inst. C.E., 

Chief Inspector of Rivers, Ribble Joint Cmnmittee. 

CONTKNTS.— I. Introduction.— II. Chemical Engineering.— III. — Wool De-greasing 
and Grease Recovery. — IV. Textile Industries ; Calico Bleaching and Dyeing. — V. Dyeing 
and Calico-Printing.— VI. Tanning and Fell mongery.— VII. Brewery and Distillery 
Waste.— VIII. Paper Mill Refuse.- IX. General Trades' Waste.— Index. 

*^ There is probably no persoa in England to-day better fitted to deal rationally with 
such a %\3Lh\QQi"— British Sanitarian. 

** The work is thoroughly practical, and will serve as a handbook in the future for those 
who have to encounter the problems discnsBed."— CAemtea^ Trade Journal. 



In Crown 8vo, Extra. With Illustrations. 86. 6d. 

CALCAREOUS CEMENTS: 

THEIR NATURE, PREPARATION, AND USES. 
By gilbert R. REDGRAVE, Assoc. Inst. CE, 

Assistant Secretary for Technolofy, Board of Bducatioii« South Kensington. 

'* IvTALUABU to th« Student, ArohitooC, and Engineer. '*~j|«t74<«i^ Jfeus. 
'* Will be natfal to ALL interested in the maxotaotitrb, usb, and Tssmro of Oementa.**— 
Sngineer. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRAND. 
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ELECTRICAL ENGINEERING. 

Second Edition, Revised. In Large $vo. Handsome Cloth. Profusely 
Illustrated with Flates^ Diagrams^ and Figures. 24s. net. 

CENTRAL ELECTRICAL STATIONS: 

Their Desigfn, Orgranisation, and Hanagrement. 

ByCHAS. H; WORDINGHAM, A.K.C, M.Inst.C.E., M.Inst. Mfxh.E., 

Late Memb. of Council InstE. E., and Electrical Engineer to the City of Manchester ; 

Electrical Engineer-in-Chief to the Admiralty. 

ABRIDGED CONTENTS. 
Introductory. — Central Station Work as a Profession. — As an Investment. — The Estab- 
lishment of a Central Station — Systems of Supply. — Site. — Architecture. — Plant. — Boilers — 
S3rstems ol Draught and Waste Heat Economy. — Coal Handling, Weighing, and Storing. — 
TTie Transmission of Steam- — Generators. — Condensing Appliances. — Switching Gear, 
Instruments, and Connections.— Distributing Mains. — Insulation, Resistance, and Cost. — 
Distributing Networks — Service Mains and Feeders. — Testing Mains. — Meters ^ and 
Appliances. — Standardising and Testing Laboratory — Secondary Batteries. — Street Light- 
ing. — Cost. — General Organisation — Mains Department — Installation Department. — 
Standardising Department — Drawing Office — Clerical Department — The Consumer. — 
Routine and Main Laying. — Indbx. 

"One of the mo>t valuable contributions to Central Station literature we have had 
f(»r some time." — Electricitv- 



ELECTRICITY CONTROL. 

A Treatise on Electricity Switehgear and Systems of Transmission. 

By LEONARD ANDREWS, M.LE.E., 

Ex-Member of Council of the Incor orated Municipal Electrical Association ; Consulting 
Electrical Engineer to the Hastings Corporation, &c., >^ c. 

General Principles of Switehgear Design.— Construct'onaJ Details — Circuit Breakers or 
Arc Interrupting Devices. — Automatically Operated Circuit Breakers. — Alternating Reverse 
Current Devices. — Arrangement of 'Bus Bars, and Apparatus lor Parallel Running. — 
General Arrangement of Controlling Apparatus for High Tension Systems. — General 
Arrangement of Controlhng Apoaratns for Low Tension Systems. — Examples of Complete 
Installations. — Long Distance Transmi«si'>n Schemes. 



Sixteenth Edition, Thoroughly Revised and Enlarged. 

A POCKET-BOOK 

OF 

ELECTRICAL RULES & TABLES 

FOR THE USE OF ELECTRICIANS AND ENGINEERS, 

By JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., F.R.S.B. 

With Numerous Diagrams. Pocket Size. Leather, 8s. 6d. 

GENERAL CONTENTS. 

Units of Measurement. — Measures. — Testing. — Conductors. — Dielectrics. — Submarine 
Cables. — Telegraphy. — Electro-Chemistry. — Electro-Metallurgy. — Batteries. — Dynamos and 
Motors. — Tran-sformcrs. — Electric Lighting. — Miscellaneous. — Logarithms. — Appendices. 

" WoNDKRFULLV Pbrfkct. . . . Worthy of the highest comiwendation we can 
give \t.**-^SUctrician. 

"The Stbkling Valur of Messrs. Munro and Jamibson's Pockbt-Book."- 
EUctrical Rtvirut. 

LONDON: CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRANG 
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By PROFESSORS J. H, POYNTING A J. J, THOMSON. 

In Five Volumes. Large 8vo. Sold Separately. 

A TEXT-BOOK OF PHYSIOS, 

BY 

J. H. POYNTING, J. J. THOMSON, 

SC.D.t f.E.8.| AND X.A.f 7.ft.8.( 

Lale lUlow of Trinity Oollese, Cambridge: Fellow of Trinity Collejgw, Oambridge; Prot 

Trofeunr of Physics, Rirraln«rham of Experimental Physics in the Univenity 

University. of Cambridire 



Introductory Volumk, fully Illustrated. Second Edition, Revised. 

Price 10a. 6d. 



OoKTBim. — Gravitation. — The Acceleration of Gravity. — Elasticity. — Stresees and 
BtrainB.oTorsion.— Bendine of Hodc— Spiral SpriDgs.— Collision.— Compressibility of 
Liqnids.— Pressures and Volume s of Gases.— Thencal Effects Accomponying Strain.— 
OapUlarity.— Surface Tension.— Laplace's Theory of CapiLarity.— Diffusion of Liquids — 
Difluaion of Gases. — Viscosity of Liquids.— Index. 



Volume II. Second Edition. Fully Illustrated. Price 8s. 6d. 

s o xj isr i>. 

OoNTKNTs.— The Nature of Sound and its chief Characteristics.— The Velocity of Sound 
in Air and other Madia.— Refl* cion and Refraction of Sound.— Frequency and Pitch of 
Notes,— Resonance and Forced Oscillations. -Analysis of Vibrations. — Toe Transverse 
Vibrations of Stretched Strings or Wires —Pipes and other Air Cavities.— Rods.— Platen. 
—Membranes. — Vibrations maintained by Heat.— Sensitive Flames and Jets.— Musical 
Sand.— The Superposition of Waves. - IND^ x. 

** The work . . . may be recommended to anyone desirous of possessing an kabt 
VP^O-DATB Stakdabd Tkxatise ou Acoustlcs" — Literature. 

** Very' clearly written. . . . The names of the authors are a guarantee of the 
80 iK» T ijri c ACCUKACT and UP-TO-DATE CHARACTRR of the wor^ ''^Educational Times. 



Volume III. At Press. Fully Illustrated. 

Contents.— Temperature. —Expansion of Solids — Liquids. — Gases. — Circulation 
and Convection.— Quantity of Heat; Specific Heat. — Conductivity.— Forms of Enei^; 
Conservation ; Mechanical Equivalent of Heat. — The Kinetic Theory — Change of State; 
Liquid Vapour. — Critical Points. —Solids and Liquids. — Atmospheric Conditions. — 
Radiation. — Theory of Exchanges.— Radiation and Teniperature. — Thermodynamics. — 
Isothermal and Adiabatic Changes. — Thermodynamics of Changes of State, and Solu- 
tions.— Thermodynamics of Radiation.— Index. 

Remaining Volumes in Preparation — 
LIGHT; MAGNETISM AND ELBCTRIOITY. 



THE MEAN DENSITY OF THE EARTH : An Essay to which the 

Adams Prize was adjudged in 1893 in the University of Cambridge. By J. H. 
POYNTING, Sc.D., F.R.S., Late Fellow of Trinity College, Cambridge; Professor of 
Physics, Birmingham University. In Large 8vo, with Bibliography, lUustratlona in 
the Text, and Seven Lithographed Plates. 12s. 6d. 

"An iMJuount of this subject cannot fail to be of obbat and OBNxaAL iiitb&bst to th« aclenliflc 
mind. Especially is this tne case when the accoont is given by one who has contributed se 
considerably as nas Prof. Poynting to our present state of knowledge with respect to a very 
difficult subject. . . . Eemarlcably has Newton's estunate been verified by Prof. Poynting."' 
Athetiasum. 

LONDON : CHARLES GRIFFIN & CO., LIMITED. EXETER STREET, STRAND. 



MEDICINE AND THE ALLIED SCIENCES, 51 

Third Edition, Revised, Enlarged, and Re-issued. Price 6s. net. 

A SHORT MANUAL OF 

INORGANIC CHEMISTRY. 

BY 

A. DUPRE, Ph.D., F.R.S., 

AND 

WILSON HAKE, Ph.D., F.I.O., F.C.S., 

Of the Westminster Hospital Medical School 

'* A well-written, clear and accurate £lementarv Manual of Inorganic Chemistry . . . 
We agree heartily with the system adopted by Drs. Dupr^ and Hake. Will makb £xpbri> 
M2NTAL Work trebly intsrbsting bbcausb intklligiblb." — Saturday RevUw. 

"There is no question that, given the pbrpect grounding of the Student in his S cien c e^ 
the remainder comes afterwards to him in a manner mmch more simple and easily acqniied. 
The work i.< an example of the advantages of the Systematic Treatment of • 
Sdence over the fragmentaxy style so generally followed- Bv a long way the best of the 
■mall Manuals for Students. — Analyst. 



LABORATORY HANDBOOKS BY A. HUMBOLDT SEXTON, 

Professor of Metallargy in the Glasgow and West of Scotland Technical College. 



OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THB USB OP STUDENTS, 

With Illustrations. Fourth Edition. Crown 8vo, Cloth, 3s. 

" A ooMPAOT LABORATOBT ouiDB for beginners was wanted, and the want has 
been wkll supplied. ... A good and nsefoJ book." — Laiicd,, 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THB USE OF STUDENTS. 

Wil^ Illustrations. Fourth Edition, Revised. Crown 8vo, Cloth, Ss. 6d. 

" The work of a thoronghly practical chemist."— .Sn^i^A Medical Journal, 
" Compiled with great care, and will supply a want.'*— yottma/- of Edtuxttwn, 



ELEMENTARY METALLURGY: 

Including the Author's Practical Laboratory Course. With many 

lUuscrations. [See p. 66 General Catalogue. 

Thiri; Edition, Revised. Crown 8vo. Cloth, 6b. 

** Just the kind of work for students commencing the study of metallurgy." — 
Practiced Engineer. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRAND^ 



